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MAGNETORES I STANCE EFFECT ELEMENT, MAGNETIC HEAD 
AND MAGNETIC RECORDING AND/OR REPRODUCING SYSTEM 

Cross Reference to Related Application 

This application is based upon and claims the benefit of 
priority from the prior Japanese Patent Applications No. 
2000-321171, filed on October 20 , 2000; the entire contents of 
which are incorporated herein by reference. 

BA CKG ROU N D O F T HE INVENTI ON 
Field of The Invention 

The present invention relates generally to a 
magnet ores is tance effect element , a magnetic head and a magnetic 
recording and/or reproducing system. More specifically, the 
invention relates to a magnet ores is tance effect element using 
a spin-valve film wherein a sense current flows in a direction 
perpendicular to the plane of the thin film, a magnetic head 
including the magnetores is tance effect element, and a magnetic 
recording and/or reproducing system including the 
magnetores is tance effect element. 
D esc ripti o n o f Rel ated Ar t 

There is known a phenomenon that an electric resistance 
varies in response to an external magnetic field in a certain 
kind of ferromagnetic material. This is called a 
"magnetoresistance effect" . This effect can be used for 
detecting an external magnetic field, and such a magnetic field 
detecting element is called a ''magnetoresistance effect element 
(which will be hereinafter referred to as an "MR element")". 

Such an MR element is industrially utilized for reading 
information, which has been stored in a magnetic recording medium, 
in a magnetic recording and/or reproducing system, such as a hard 
disk or a magnetic tape (see IEEE MAG-7, 150 (1971)), and such 
a magnetic head is called an "MR head". 

By the way, in recent years, in magnetic recording and/or 
reproducing systems utilizing such an MR element, particularly 
in hard disk drives, the magnetic recording density is being 
enhanced, and the size of one bit is decreasing, so that the amount 



of leakage flux from a bit is increasingly decreased. For that 
reason, it is necessary to prepare an MR element, which has a 
high sensitivity and a high S/N ratio and which can obtain a high 
rate of change in resistance even in a lower magnetic field, in 
order to read information which has been written in a magnetic 
medium, and this is an important basic technique for improving 
the recording density. 

The "high sensitivity" means that the amount of change in 

resistance (Q) per a unit magnetic field (Oe) is large. As an 
MR element has a larger amount of change in MR and a more excellent 
magnetically soft characteristic, the MR element has a higher 
sensitivity. In addition, in order to realize a high S/N ratio, 
it is important to reduce thermal noises. Therefore, it is not 
desired that the resistance itself of the element is too high, 
and when the element is used as a reading sensor for a hard disk, 
the resistance of the element is preferably in the range of from 

about 5 Q to about 30 Q in order to realize a good S/N ratio. 

Under such a background, at present, a spin-valve film 
capable of obtaining a high rate of change in MR is generally 
used as an MR element for use in a hard disk MR head. 

FIG. 25 is a conceptual drawing showing an example of a 
schematic cross-sectional structure of a spin-valve film. The 
spin-valve film 100 has- a structure wherein a ferromagnetic layer 
F, a non-magnetic layer S, a ferromagnetic layer P and an 
antiferromagnetic layer A are stacked in that order. Of the two 
ferromagnetic layers F and P which are magnetically in a 
non-coupled state via the non-magnetic layer S , the magnetization 
of one ferromagnetic layer P is fixed by an exchange bias or the 
like using the antiferromagnetic material, and the magnetization 
of the other ferromagnetic layer F is set to be capable of being 
easily rotated by an external magnetic field (a signal magnetic 
field or the like). Then, only the magnetization of the 
ferromagnetic layer F can be rotated by the external magnetic 
field to change a relative angle between the magnetization 
directions of the two ferromagnetic layers P and F^ to obtain a 
large magnetores is tance effect (seePhys. Rev. B45, 806 (1992), 
J. Appl. Phys. 69, 4774 (1991)). 



The ferromagnetic layer F is often called a "free layer", 
a "magnetic field receiving layer" , or a "magnetization free 
layer" . The ferromagnetic layer P is often called a "pinned 
layer" or a "magnetization fixed layer" . The non-magnetic layer 
S is often called a "spacer layer", a "non-magnetic intermediate 
layer" or an "intermediate layer". 

The spin- valve film can rotate the magnetization of the 
free layer, i.e., the ferromagnetic layer F. Therefore, the 
spin-valve film can be sensitized, so that it is suitable for 
an MR element for use in an MR head. 

It is required to cause a "sense current" to flow through 
such a spin-valve element in order to detect the variation in 
resistance due to a magnetic field. 

FIG. 26 is a conceptual drawing showing a generally used 
current supply system. That is, at present, there is generally 
used a system for providing electrodes EL, EL on both ends of 
a spin-valve element as shown in the figure to cause a sense 
current I to flow in parallel to the plane of the film to measure 
a resistance in a direction parallel to the plane of the film. 
This method is generally called a "current- in-plane (CIP)" 
system. 

In the case of the CIP system, it is possible to obtain 
a value of about 10 to 20 % as a rate of change in MR. In a 
shield-type MR head which is generally used at present, a 
spin-valve element has a substantially square shape, so that the 
resistance of an MR element is substantially equal to a value 
of plane electric resistance (sheet resistance) of an MR film. 
Therefore, a spin-valve film of a CIP system can obtain good S/N 
characteristics if the value of plane electric resistance is set 
to be 5 to 30 Q . This can be relatively simply realized by 
decreasing the thickness of the whole spin- valve film. Because 
of these advantages, the spin-valve film of the CIP system is 
generally used as an MR element for an MR head at present. 

However, it is expected that the rate of change in MR is 
required to exceed 30 % in-order, to realize information 
reproduction at a high recording density exceeding 100 Gbit/inch 2 . 
On the other hand, it is difficult to obtain a value exceeding 



20 % as the rate of change in MR in conventional spin-valve films. 
For that reason, in order to further improve a recording density, 
it is a great technical theme to increase the rate of change in 
MR. 

From such a point of view, in order to increase the rate 
of change in MR, there is proposed a spin-valve wherein an 
"electron reflective layer" of any one of oxides, nitrides, 
fluorides and borides is inserted into a pinned layer and a free 
layer in a CIP-SV film. 

FIG. 27 is a conceptual drawing showing the construction 
of a cross section of such a spin-valve film. That is, in the 
construction shown in this figure, an electron reflective layer 
ER is inserted into each of a pinned layer P and a free layer 
F. If the scattering of electrons occurs on the interfaces 
between respective layers in a spin-valve film, the apparent mean 
free path decreases, so that the rate of change in MR decreases. 
On the other hand, if the electron reflective layer ER is provided 
for causing electrons to reflect, it is possible to increase the 
apparent mean free path of electrons to obtain a high rate of 
change in MR. 

In addition, in this construction, the probability that 
electrons will pass through the interface of magnetic 
material/non-magnetic material is increased by causing electrons 
to reflect, so that it is possible to apparently obtain the same 
effects as those of an artificial lattice film to increase the 
rate of change in MR. 

However, also in this construction, all of electrons do 
not always pass through the interface of magnetic 
material /non -magnetic material, so that there is a limit to the 
increase of the rate of change in MR. For that reason, also in 
the above described CIP-SV film wherein the electron reflective 
layers are inserted, it is substantially difficult to realize 
a high rate of change in MR exceeding 20 % and a practical amount 
of change in resistance of 5 to 30 Q . 

' On* the- other hand, as -a method for obtaining a large MR 
exceeding 30 %, there is proposed a magnetoresistance effect 
element (which will be hereinafter referred to as a CPP-artif icial 



lattice) of a type (current perpendicular to plane (CPP)) that 
a sense current is caused to flow in a direction perpendicular 
to the plane of the film in an artificial lattice wherein magnetic 
and non-magnetic materials are stacked. 

FIG. 28 is a conceptual drawing showing a cross-sectional 
structure of a CPP-artif icial lattice type element. In a 
magnetoresistance effect element of this type, electrodes EL are 
provided on the top and bottom face of an artificial lattice SL 
comprising ferromagnetic and non-magnetic layers which are 
alternately stacked, and a sense current I flows in a direction 
perpendicular to the plane of the film. It is known that this 
construction can a good interface effect and a high rate of change 
in MR since the probability that the current I will cross the 
interfaces between the magnetic layers and the non-magnetic 
layers . 

However, in such a CPP artificial lattice type film, it 
is required to measure the electric resistance of an artificial 
lattice SL having the stacked structure of very thin metallic 
films in a direction perpendicular to the plane of the film. 
However, this value of resistance is generally very small. 
Therefore, in the CPP artificial lattice, it is an important 
technical theme to increase the value of resistance. 
Conventionally, in order to increase this value, it is necessary 
to decreases the junction area between the artificial lattice 
SL and the electrode SL as small as possible and to increase the 
number of stacked layers of the artificial lattice SL to increase 
the total thickness of the film. For example, when the element 
is patterned so as to have a size of 0.1 //m x 0.1 //m, if a Co 
layer having a thickness of 2 nm and a Cu layer having a thickness 
of 2 nm are alternately stacked ten times, the total thickness 

of the film is 20 nm, and a value of resistance of about 1 Q can 
be obtained. However, it can not be said that such a value of 
resistance is sufficiently a large value, so that it is required 
to further increase the number of the layers. 

For the above described reasons, in order that the CPP 
artificial lattice type film provides a sufficient head output 
to be used as a good reading sensor for a hard disk, it is necessary 



for the film to be the artificial lattice type, not the spin-valve 
type, from the standpoint of resistance. 

However, when the MR element is used for an MR head, it 
is required to cause each of magnetic layers to be a single 
magnetic domain so as not to generate Barkhausen noises and so 
forth, while controlling the magnetization of the magnetic layer 
so that an external magnetic field can be efficiently measured. 
However, as described above, it is required to alternately stack 
many magnetic and non-magnetic layers in order to increase the 
value of resistance in the CPP-MR element, and it is technically 
very difficult to individually control the magnetization of such 
many magnetic layers . 

In addition, when the MR element is used for an MR head, 
it is required to allow the magnetization of a small signal 
magnetic field to sensitively rotate to obtain a high rate of 
change in MR. For that purpose, it is required to improve the 
signal magnetic flux density at a sensing portion to obtain a 
large amount of rotation of magnetization even at the same 
magnetic flux density. Therefore, it is required to decrease the 
total Mst (magnetization x thickness) of layers wherein 
magnetization is rotated by an external magnetic field. However, 
in the CPP-MR element, it is required to alternately stack many 
magnetic and non-magnetic layers in order to increase the value 
of resistance. Therefore, the Mst increases, so that it is 
difficult to improve the sensitivity to the signal magnetic flux. 

For that reason, although it is expected that the CPP 
artificial lattice type film has a rate of change in MR exceeding 
30 %, it is difficult to sensitize the film in order to use the 
film as an MR sensor for a head, so that it is substantially 
impossible to use the film as the MR sensor. 

On the other hand, it is considered that the spin-valve 
structure using FeMn / NiFe / Cu / NiFe, FeMn / CoFe / Cu / CoFe 
or the like adopts the CPP system. 

FIG. 29 is a conceptual drawing showing a cross-sectional 
structure of a CPP-SV element. . However, in such a CPP-SV 
construction, the thickness of a magnetic layer must be increased 
to about 20 ran in order to increase the value of resistance. Also 



in that case, it is predicted that the rate of change in resistance 
would be only about 30 % at 4.2 K and about 15 %, which is half 
thereof, at room temperatures. 

That is, in the spin-valve film of the CPP system, the rate 
of change in MR is only about 15 %, and the Mst of the free layer 
must be increased. Therefore, it is difficult to sensitize the 
film in order to use the film as an MR sensor for a head, so that 
it is substantially difficult to use the film. 

As described above, although there are proposed various 
systems, such as the spin-valve film of the CIP system, the 
artificial lattice of the CPP system, and the spin-valve of the 
CPP system. However, at present, the magnetic packing density 
is increasing at a rate of 60 % or more every year, so that it 
will be requested to further increase the output in future. 
However, at present, it is difficult to realize a spin-valve film 
which can be used at a high packing density exceeding 100 
Gbit/inch 2 , which has an appropriate value of resistance and a 
large amount of change in MR and which is magnetically sensitive. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
eliminate the aforementioned problems and to provide a practical 
magneto resistance effect element which has an appropriate value 
of resistance, which can be sensitized and which has a small number 
of magnetic layers to be controlled, while effectively utilizing 
the scattering effect depending on spin, and a magnetic head and 
magnetic recording and/or reproducing system using the same. 

In order to accomplish the aforementioned object, 
according to a first aspect of the present invention, a 
magnetoresistance effect element comprises: a magnetoresistance 
effect film including a magnetization fixed layer having a 
ferromagnetic film in which the direction of magnetization is 
substantially fixed to one direction, a magnetization free layer 
having a ferromagnetic film in which the direction of 
magnetization varies in response to an external magnetic field, 
and an non-magnetic intermediate layer provided between the 
magnetization fixed layer and the magnetization free layer; a 
pair of electrodes which are electrically connected to the 
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magnetoresistance effect film for applying a current in a 
direction perpendicular to the plane of the magnetoresistance 
effect film; and a resistant regulating layer which contains an 
oxide , a nitride, a fluoride, a carbide or a boride as a principal 
component . 

According to a second aspect of the present invention, a 
magnetoresistance effect element comprises: a magnetoresistance 
effect film including a magnetization fixed layer having a 
ferromagnetic film in which the direction of magnetization is 
substantially fixed to one direction, a magnetization free layer 
having a ferromagnetic film in which the direction of 
magnetization varies in response to an external magnetic field, 
and an non-magnetic intermediate layer provided between the 
magnetization fixed layer and the magnetization free layer; a 
pair of electrodes which are electrically connected to the 
magnetoresistance effect film for applying a current in a 
direction perpendicular to the plane of the magnetoresistance 
effect film; and a resistant regulating layer for restricting 
the quantity of a sense current passing through the 
magnetoresistance effect film. 

The resistance regulating layer may have pin holes at a 
rate of hole area which is 50 % or less. 

The resistance regulating layer may be made of two kinds 
or more of metallic elements . 

The resistance regulating layer may be formed in the 
magnetization free layer, or on the magnetization free layer on 
the opposite side to the non-magnetic intermediate layer. 

The resistance regulating layer may be formed in the 
non-magnetic intermediate layer or on the interface of the 
non-magnetic intermediate layer. 

The resistance regulating layer may be formed in the 
magnetization fixed layer, or on the magnetization fixed layer 
on the opposite side to the non-magnetic intermediate layer. 

The resistance regulating layer may contain, as a principal 
component, at Teast one of- oxides, nitrides, fluorides, carbides 
or borides of an element selected from the group consisting of 
B, Si, Ge, Ta, W, Nb, Al, Mo, P, V, As, Sb, Zr, Ti, Zn, Pb, Th, 



Be, Cd, Sc, La, Y, Pr, Cr, Sn, Ga, Cu, In, Rh, Pd, Mg, Li, Ba, 
Ca, Sr, Mn, Fe, Co, Ni and Rb. 

The resistance regulating layer may be formed on the 
magnetization free layer on the opposite side to the non-magnetic 
intermediate layer, or in the non-magnetic intermediate layer, 
or on the interface of the non-magnetic intermediate layer, and 
contain a metal including at least one of Cu, Au, Ag, Ru, Ir, 
Re, Rh, Pt, Pd, Al and Os. 

The resistance regulating layer may comprise: a first 
region which is formed on the magnetization free layer on the 
opposite side to the non -magnetic intermediate layer, or in the 
non-magnetic intermediate layer, or on the interface of the 
non-magnetic intermediate layer, and which contains Cu as a 
principal component; and a second region which contains, as a 
principal component, at least one of oxides, nitrides, fluorides, 
carbides and borides of an element selected from the group 
consisting of B, Fe, Mo, Pb, Ta, Cr, V, Si, Sb and Ge. 

The resistance regulating layer may comprise: a first 
region which is formed on the magnetization free layer on the 
opposite side to the non-magnetic intermediate layer, or in the 
non-magnetic intermediate layer, or on the interface of the 
non-magnetic intermediate layer, and which contains Au as a 
principal component; and a second region which contains, as a 
principal component, at least one of oxides, nitrides, fluorides, 
carbides and borides of an element selected from the group 
consisting of B, Fe, Ge, Mo, P, Rh, Si, W and Cr. 

The resistance regulating layer may comprise: a first 
region which is formed on the magnetization free layer on the 
opposite side to the non-magnetic intermediate layer, or in the 
non-magnetic intermediate layer, or on the interface of the 
non-magnetic intermediate layer, and which contains Ag as a 
principal component; and a second region which contains, as a 
principal component, at least one of oxides, nitrides, fluorides, 
carbides and borides of an element selected from the group 
consisting of Be, Co, Cr, Fe, Mo, Pb, Si, Ta, V, W, Ge, Sn, Al 
and Rh. 

According to a third aspect of the present invention, a 
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magnetoresistance effect element comprises: a magnetoresistance 
effect film including a magnetization fixed layer having a 
ferromagnetic film in which the direction of magnetization is 
substantially fixed to one direction , a magnetization free layer 
having a ferromagnetic film in which the direction of 
magnetization varies in response to an external magnetic field , 
and an non-magnetic intermediate layer provided between the 
magnetization fixed layer and the magnetization free layer; a 
pair of electrodes which are electrically connected to the 
magnetoresistance effect film for applying a current in a 
direction perpendicular to the plane of the magnetoresistance 
effect film; and a region which is formed on the magnetization 
free layer on the opposite side to the non-magnetic intermediate 
layer , or in the non-magnetic intermediate layer, or on the 
interface of the non-magnetic intermediate layer , and which 
contains, as a principal component, a crystalline oxide 
containing at least one selected from the group consisting of 
B, Si, Ge, W, Nb, Mo, P, V, Sb, Zr, Ti, Zn, Pb, Cr, Sn, Ga, Fe 
and Co. 

The resistance regulating layer may have a thickness of 
0 . 5 to 5 nm. 

The resistance regulating layer may include holes of a 
metal phase. of 2 % to 30 %. 

The mean diameter of each of the holes of the resistance 
regulating layer may be in the range of from 5 % to 100 % with 
respect to the total thickness of the magnetization free layer, 
the non-magnetic intermediate layer and the magnetization fixed 
layer. 

The mean distance between adjacent two of the holes of the 
metal phase may be in the range of from 10 nm to 100 nm. 

According to a fourth aspect of the present invention, 
there is provided a magnetic head having any one of the above 
described magnetoresistance effect elements. 

According to a fifth aspect of the present invention, there 
is provided a "magnetic recording and/or reproducing system which 
has the above described magnetic head and which is capable of 
reading magnetic information stored in a magnetic recording 
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medium. 



BRIEF DESCRIPTION OF THE DRAWINGS 



The present invention will be understood more fully from 
the detailed description given herebelow and from the 
accompanying drawings of the embodiments of the invention. 
However/ the drawings are not intended to imply limitation of 
the invention to a specific embodiment, but are for explanation 
and understanding only. 

In the drawings: 

FIG. 1 is a conceptual drawing showing a cross-sectional 
structure of the first embodiment of a magnetoresistance effect 
element according to an aspect of the present invention; 

FIG. 2A is a graph showing potentials sensed by electrons 
in the cases of up-spin and down-spin when the magnetization of 
a pinned layer P is parallel to the magnetization of a free layer 
F, and FIG. 2B is a graph showing potentials sensed by electrons 
in the cases of up-spin and down-spin when the magnetization of 
the pinned layer P is anti-parallel to the magnetization of the 
free layer F; 

FIG. 3A is a graph showing potentials sensed by electrons 
in the cases of up-spin and down-spin when the magnetization of 
the pinned layer is parallel to the magnetization of the free 
layer , and FIG. 3B is a graph showing potentials sensed by 
electrons in the cases of up-spin and down-spin when the 
magnetization of the pinned layer is anti-parallel to the 
magnetization of the free layer; 

FIG. 4is a conceptual drawing showing a cross-sectional 
structure of a magnetoresistance effect element in this 
embodiment; 

FIG. 5A is a sectional view showing the construction of 
a magnetoresistance effect element wherein the positions of pin 
holes H are the same between upper and lower resistance regulating 
layers Rl and R2, and FIG. 5B is a sectional view showing the 
construction of a magnetoresistance effect element wherein the 
positions of pin holes H -are shifted between upper and lower 
resistance regulating layers Rl and R2; 



FIG. 6 is a conceptual drawing showing the construction 



of a magnetoresistance effect element which includes two or more 
resistance regulating layers R1A, RIB or R2A, R2B; 

FIG. 7 is a conceptual drawing showing the construction 
of a magnetoresistance effect element wherein a resistance 
regulating layer is sandwiched between non-magnetic layers NM1 
and NM2 without being inserted into a ferromagnetic layer FM; 

FIG. 8 is a conceptual drawing showing the construction 
of a magnetoresistance effect element which adopts a stacked 
structure of ferromagnetic films FM and non-magnetic films NM; 

FIG. 9 is a conceptual drawing showing the construction 
of a magnetoresistance effect element which adopts a stacked film 
of two kinds or more of ferromagnetic materials; 

FIG. 10 is a conceptual drawing illustrating the 
construction of a magnetoresistance effect element wherein 
ferromagnetic layers sandwiching resistance regulating layers 
comprises two or more kinds of ferromagnetic layers; 

FIG. 11 is a conceptual drawing showing the construction 
of a magnetoresistance effect element wherein a ferromagnetic 
layer FM (fee) having the fee structure and a ferromagnetic layer 
FM (bee) having the bee structure are combined; 

FIG. 12 is a conceptual drawing showing the construction 
of a magnetoresistance effect element wherein non-magnetic 
layers NM have a stacked structure of first and second non- 
magnetic layers NMl and NM2 ; 

FIG. 13 is a conceptual drawing showing the construction 
of a magnetoresistance effect element which adopts a stacked 
structure of ferromagnetic layer FMl / ferromagnetic layer FM2; 

FIG. 14 is a conceptual drawing showing another example 
of a magnetoresistance effect element which has a plurality of 
ferromagnetic layers ; 

FIG. 15 is a conceptual drawing showing another example 
of a magnetoresistance effect element which has a plurality of 
ferromagnetic layers; 

FIG. 16 is a conceptual drawing showing the construction 
of a magnetoresistance effect element having a so-called 
synthetic antiferromagnetic structure; 

FIG. 17 is a conceptual drawing showing the construction 



of a magnetoresistance effect element which adopts an underlying 
layer (buffer layer) B and a protective layer C; 

FIG. 18 is a conceptual drawing showing a cross-sectional 
structure of the second embodiment of a magnetoresistance effect 
element according to an aspect of the present invention; 

FIG. 19 is a conceptual drawing showing the construction 
of a magnetoresistance effect element wherein pin holes are 
arranged at the same place between the respective resistance 
regulating layers; 

FIG. 20 is conceptual drawing showing the construction of 
a magnetoresistance effect element wherein the positions of pin 
holes are shifted between the respective resistance regulating 
layers ; 

FIG. 21 is a conceptual drawing showing a cross-sectional 
construction of a principal part of a first example of a 
magnetoresistance effect element according to an aspect of the 
present invention; 

FIG. 22 is a schematic perspective view showing the 
construction of a principal part of a magnetic head using a 
magnetoresistance effect element according to an aspect of the 
present invention; 

FIG. 23 is a perspective view of a principal part 
illustrating a schematic construction of a magnetic recording 
and/or reproducing system according to an aspect of the present 
invention; 

FIG. 24 is an enlarged perspective view of a magnetic head 
assembly in front of an actuator arm 155, viewed from the side 
of a disk; 

FIG. 25 is a conceptual drawing illustrating a schematic 
cross-sectional structure of a spin-valve film; 

FIG. 26 is a conceptual drawing showing a generally used 
current supply system; 

FIG. 27 is a conceptual drawing showing a cross-sectional 
construction of a spin-valve film; 

FIG. 28 is a conceptual drawing showing a cross-sectional 
structure of a CPP-artif icial lattice type element; 

FIG. 29is a conceptual drawing showing a cross-sectional 
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construction of a CPP-SV element; 

FIG. 30 is an illustration for explaining the construction 
and operation of an example of a resistance regulating layer; 

* FIG. 31 is a sectional view showing the construction of 
the third embodiment of a magnetoresistance effect element 
according to an aspect of the present invention; 

FIG. 32 is a sectional view showing the construction of 
a modified example of the third embodiment; 

s FIG. 33 is a sectional view showing the construction of 
the fourth embodiment of a magnetoresistance effect element 
according to an aspect of the present invention; 

FIG. 34 is a sectional view showing the construction of 
a modified example of the fourth embodiment; 

FIG. 35 is a sectional view showing the construction of 
a modified example of the fourth embodiment; and 

FIG. 36 is a sectional view showing the construction of 
a modified example of the fourth embodiment. 

DESCRIPTIO N OF THE EMBODIMENTS 
Referring now to the accompanying drawings, the 
embodiments of the present invention will be described below. 
(First Embodiment) 

FIG. 1 is a conceptual drawing showing a cross-sectional 
structure of the first embodiment of a magnetoresistance effect 
element according to an aspect of the present invention. That 
is, the magnetoresistance effect element 10A according to the 
aspect of the present invention comprises an antif erromagnetic 
layer A, a first magnetic layer P, an non-magnetic intermediate 
layer S and a second magnetic layer F which are stacked on a 
predetermined substrate (not shown) in that order. In addition, 
a resistance regulating layer Rl is inserted into the first 
magnetic layer P, and a resistance regulating layer R2 is inserted 
into the second magnetic layer F. Furthermore, the 
ant if erromagnetic layer A, the first magnetic layer P, the 
non-magnetic intermediate layer S and the second magnetic layer 
F "constitute a magnetoresistance effect film. 

Moreover, electrode layers EL are provided on the top and 
bottom faces of this stacked structure, respectively, and a sense 



current I is caused to flow in a direction perpendicular to the 
plane of the film. 

In this embodiment , the first magnetic layer P functions 
as a "pinned layer", the magnetization of which is fixed by 
one-directional anisotropy due to the antif erromagnetic layer 
A. In addition, the second magnetic layer F functions as a 
"magnetic field receiving layer" or "free layer", the magnetization 
of which is rotated by an external magnetic field (e.g., a magnetic 
field due to signal) produced from a magnetic recording medium 
(not shown) . 

The first magnetic layer P and the second magnetic layer 
F include the resistance regulating layers Rl and R2 , respectively, 
and have stacked structures of ferromagnetic layer FM / resistance 
regulating layer Rl or resistance regulating layer R2 / 
ferromagnetic layer FM, respectively. In this structure, the 
ferromagnetic layers on both sides of the resistance regulating 
layer Rl or R2 are f erromagnetically coupled to each other, and 
the magnetization thereof behaves so as to be substantially 
integrated. That is, the magnetization of each of the 
ferromagnetic layers included in this stacked structure of 
ferromagnetic layer / resistance regulating layer / 
ferromagnetic layer is substantially parallel to each other, the 
magnetization in the pinned layer (the first magnetic layer P) 
being substantially fixed in the same direction, and the 
magnetizing direction in the free layer (the second magnetic layer 
F) being substantially the same direction with respect to the 
external magnetic field. 

In this embodiment, a current I is designed to flow from 
the top electrode EL toward the bottom electrode EL, and the 
resistance regulating layers Rl and R2 are designed to cause the 
current to flow in a thickness direction while reducing the 
quantity of the current- That is, the resistance regulating 
layers Rl and R2 function as "filter layers" for restricting the 
quantity of the sense current I passing therethrough, or "current 
constriction layers" for allowing part ojf conduction electrons 
forming the sense current I to be transmitted therein, or "barrier 
layers" for reducing the quantity of the sense current I. 



Referring to FIG. 30 , the construction and operation of an example 
of the above described resistance regulating layer will be 
described below. If the resistance regulating layer R is 
sandwiched between films 20 and 21 constituting a 
magnetoresistance effect film and if electrodes ELI and EL2 are 
connected to these films, respectively, when a current is caused 
to flow in a direction perpendicular to the plane of the film, 
the current passes through pin holes H as shown by broken lines 
in FIG. 30, so that the quantity of current is reduced and 
resistance is increased. Furthermore, as will be described later, 
the construction and function of the resistance regulating layer 
should not be limited thereto. 

Moreover, part of the reduced current I flows between the 
two resistance regulating layers Rl and R2 while repeatedly 
reflecting therebetween. However, the quantity of current 
flowing while repeatedly reflecting is not so large with respect 
to the whole sense current. However, the probability that 
electrons will pass through the CPP spin-valve structure without 
reflection is slightly reduced by the reflection, so that it is 
possible to further increase the electric resistance. 
Furthermore, these resistance regulating layers have 
morphologically different constructions from the electron 
reflective layer of the CIP spin-valve element. 

In the CPP spin-valve film, the effect of the scattering 
of electrons on the interface of ferromagnetic layer / non- 
magnetic layer, i.e. , the interface resistance, has a large spin 
dependency and serves to increase the CPP-MR. In addition, the 
interface resistance tends to have a relatively large value. 
These characteristics are the same as the above described 
functions in the CPP artificial lattice referring to FIG. 28. 

Therefore, the value of resistance in a direction 
perpendicular to the plane of the film can be increased by 
providing the resistance regulating layers. As a result, 
according to the embodiment of the present invention, it is 
possible to utilize a larger number of values of interface 
resistance, so that it is possible to realize a CPP-SV having 
a higher resistance and a higher rate of change in MR than those 
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of conventional CPP spin-valve films. 

In addition, since this embodiment adopts the CPP system 
wherein a current I flows in a direction perpendicular to the 
plane of the film, all of the current I crosses the interfaces 
of ferromagnetic layers / non-magnetic layers. As a result, it 
is possible to very effectively utilize the interface effect which 
can not effectively be utilized in the case of the CIP system. 
For that reason, it is possible to very conspicuously obtain the 
function of increasing the rate of change in MR which can not 
so sufficiently be obtained by the CIP construction. 

By the above described effects, it is possible to provide 
a CPP spin-valve film suitably utilizing an interface resistance 
and having an appropriate value of resistance though it has a 
spin-valve construction. 

In addition, in this embodiment, since the magnetization 
of the pinned layer P and the magnetization of the free layer 
F are operated so as to be integrated, the magnetization can be 
controlled only by the magnetization fixed of the pinned layer 
P and the control of the magnetization of one free layer F. 
Therefore, when the element is used for a reading sensor, such 
as a magnetic head, it is possible to realize a magnetic head 
wherein Barkhausen noises are suppressed. 

In addition, in this embodiment, it is possible to obtain 
a good value of resistance and a good rate of change in MR while 
the total thickness of the pinned layer P and free layer F is 
small. That is, as compared with the simple CPP spin-valve 
construction, this construction can reduce the simple 
transmission probability of electrons, increase the value of 
resistance and sufficiently utilize the interface resistance. 
Therefore, even if the total Mst of the pinned layer P and free 
layer F is small, it is possible to obtain a sufficient value 
of resistance and a sufficient rate of change in MR. 

Specifically, although the thickness of the magnetic 
material of the pinned layer P and free layer F must be about 
20 ran in conventional constructions , this embodiment can obtain 
sufficient characteristics even if the total thickness of the 
magnetic layers is 5 nm or less. Thus, the Mst of the free layer 
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F can be held to be a small value , so that it is possible to realize 
a sensitive spin-valve element. In addition, since it is 
possible to decrease the Mst of the pinned layer P, it is possible 
to improve the magnetization fixed characteristics by the 
antiferromagnetic layer A, so that it is possible to improve the 
reliability of the device. 

In this embodiment, the resistance regulating layers Rl 
and R2 may be formed of a semimetal, such as Bi (bismuth), Sb 
(antimony) or C (carbon), or a so-called zero gap semiconductor, 
such as ZnSe (zinc selenide) . In these materials unlike 
insulating materials, conduction electrons exist, but the 
density thereof is vary small, so that potential sensed by the 
conduction electrons is vary small. Specifically, a metal, such 
as Cu (copper), has a Fermi potential of about 7 eV, whereas a 
semimetal has a small Fermi potential of 1 eV or less. 

For that reason, if the resistance regulating layers Rl 
and R2 of a semimetal or a zero gap semiconductor are provided 
in a metal layer serving as a ferromagnetic material, large 
differences in potential level occur as illustrated in FIGS. 2A 
and 2B, so that the transmission of conduction electrons is 
restricted. Furthermore, FIG. 2A is a graph showing potentials 
sensed by electrons in the cases of up-spin and down-spin when 
the magnetization of the pinned layer P is parallel to the 
magnetization of the free layer F, and FIG. 2B is a graph showing 
potentials sensed by electrons in the cases of up-spin and 
down-spin when the magnetization of the pinned layer P is 
anti-parallel to the magnetization of the free layer F. 

In the construction according to the embodiment of the 
present invention, since conduction electrons also exist in the 
resistance regulating layers Rl and R2, the conduction 
probability of conduction electrons is sufficiently larger than 
the transmission probability of electrons due to tunnel, so that 
the usual conduction controls the total value of resistance. For 
that reason, it is possible to make resistance lower than that 
in the case of a ferromagnetic tunnel junction, so that it is 
possible to obtain a good element resistance in a fine junction. 

The value of Fermi potential in these materials is 



preferably in the range of from 1 eV to 0 eV, and more preferably 
in the range of 0.5 eV to 0 eV. The first one of the reasons for 
this is that, in these materials, the difference in potential 
level sensed by electrons can be increased as the value of Fermi 
potential is decreased, so that the transmission probability of 
electrons can be small. In addition, since the number of 
conduction electrons in the semimetal is decreased, the 
transmission probability of electrons can be very small. In the 
case of 0.5 eV, the number of conduction electrons is about 3.5 
x 10 20 , which is smaller than that in a noble metal, such as Cu, 
by about two digits, so that it is possible to greatly increase 
resistance. Therefore, the value of Fermi potential in these 
materials is preferably 0.5 eV or less. However, if it is 1 eV 
or less, the number of conduction electrons is about 4.6 x 10 21 , 
which is smaller than that in a noble metal, such as Cu, by about 
one digit, so that it is possible to sufficiently increase 
resistance. 

The resistance regulating layers Rl and R2 in this 
embodiment may be also formed of Au (gold), Ag (silver) or an 
alloy thereof. However, in this case, it is difficult to form 
so great difference in potential level, so that it is not easy 
to greatly increase resistance. 

The resistance regulating layers Rl and R2 in this 
embodiment may be also formed of an insulating material which 
has a potential barrier having a relatively low height. FIGS. 
3A and 3B are potential diagrams corresponding to this 
construction. That is, FIG. 3A is a graph showing potentials 
sensed by electrons in the cases of up-spin and down-spin when 
the magnetization of the pinned layer is parallel to the 
magnetization of the free layer, and FIG. 3B is a graph showing 
potentials sensed by electrons in the cases of up-spin and 
down-spin when the magnetization of the pinned layer is 
anti-parallel to the magnetization of the free layer. 

In this example, the transmission probability of electrons 
is determined by the -tunnel probability of electrons in the 
resistance regulating layers Rl and R2. Therefore, since the 
element resistance is too high if the barrier height increases, 
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the barrier height of the resistance regulating layers Rl and 
R2 is preferably 0.1 eV or less. 

On the other hand, the resistance regulating layers Rl and 
R2 in this embodiment may be formed of an insulating material 
having pin holes. In this case, the transmission probability of 
electrons is determined by the size and density of pin holes. 
FIG. 4 is a conceptual drawing showing the cross-sectional 
construction in this example. As shown in this figure, the 
resistance regulating layers Rl and R2 may suitably have pin holes 
H. If the size of the pin holes H is about the mean free path 
of electrons or less , it is possible to obtain a greater resistance 
increasing effect. From the standpoint of repeatability of 
element characteristics, at least 10 or more pin holes H are 
preferably formed in the films of the element. However, only one 
pin hole H may exist in the element. The ratio of the total area 
of the pin holes H to the area of the film of the element may 
be suitably determined, and is preferably 50 % or less in order 
to increase the element resistance. 

In the example of FIG. 4, the transmission probability of 
electrons is determined by the electric conduction through the 
pin holes H. Therefore, the resistance regulating layers Rl and 
R2 may be formed of an insulating material having a high barrier 
height, e.g. , Al (aluminum) oxide or Si (silicon) oxide. However, 
the resistance regulating layers Rl and R2 may be formed of a 
material having a low barrier height, such as Co (cobalt) oxide, 
Ni (nickel) oxide or Cu (copper) oxide. Also in that case, the 
electric conduction is mainly controlled by the pin holes H. 

The thickness of the resistance regulating layers Rl and 
R2 in the example of FIG. 4 can be suitably determined, and is 
preferably set to be in the range of from 0.5 nm to 10 nm in order 
to surely and easily form the pin holes H. 

It is not particularly required to control the positions 
of the pin holes H in the resistance regulating layers Rl and 
R2 of the pinned layer P and free layer F. In this case, it is 
possible to obtain electric conduction through the pin holes H 
which are formed at random. 

Such resistance regulating layers Rl and R2 having pin 



holes H may be formed by a method for forming a very thin layer 
of, e.g., Al, which has formed by the sputtering method or the 
like, and then, exposing the layer to an atmosphere of oxygen 
for a short period of time to carry out a natural oxidation. 
Alternatively, the resistance regulating layers Rl and R2 having 
the pin holes H may be formed by a method for applying energy 
to a vary thin layer of Al or the like by exposing it to oxygen 
plasma or irradiating it with oxygen ions or oxygen radicals. 

Alternatively, a material which is relatively easy to be 
oxidized, and a material which is difficult to be oxidized, such 
as Al-Co, may be simultaneously deposited to form a granular film 
of Al-Co as a layer to be oxidized, and the formed layer may be 
exposed to selectively oxidize only Al to form the resistance 
regulating layers Rl and R2 having the pin holes H. 

Alternatively, the oxidized layer having pin holes H may 
be formed by depositing a film in an atmosphere of oxygen. 

As another method for forming such resistance regulating 
layers Rl and R2 having pin holes H, regularly arranged pin holes 
H may be formed by the fine pattern lithography using the AFM 
(atomic force microscope) or the like or by the self -organizing. 
In the case of the fine pattern lithography using the AFM or the 
like, continuous films of, e.g., AlOx (aluminum oxide), may be 
formed, and holes may be formed therein. When regularly arranged 
pin holes are formed by the self-organizing, the pin holes may 
be formed by forming continuous films of, e.g., AlOx, applying 
thereon a resist, in which pin holes can be formed by the 
self-organizing, and removing AlOx from the pin hole portion by 
the milling or RIE . Alternatively, an insulating material having 
pin holes H arranged by the self-organizing may be directly 
formed . 

When pin holes H are formed by such a controlled method, 
the positional relationship between the pin holes H in the two 
resistance regulating layers Rl and R2 is important. That is, 
the pin holes H in the upper and lower resistance regulating layers 
Rl and R2 may be -positioned at the same place as illustrated in 
FIG. 5A. Alternatively, the positions of the pin holes H in the 
upper and lower resistance regulating layers Rl and R2 may be 
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shifted as illustrated in FIG. 5B. When the positions are shifted 
as illustrated in FIG. 5B, it is possible to more effectively 
reduce the quantity of current, so that it is possible to realize 
a CPP spin-valve element having a higher resistance. 

When the pin holes H are formed by the controlled method, 
the relationship between the sizes of the pin holes H in the two 
resistance regulating layers Rl and R2 can be also adjusted. That 
is, the sizes of the pin holes H in the upper and lower resistance 
regulating layers Rl and R2 may be equal to or different from 
each other. If the size of the pin hole H in the electron entering 
resistance regulating layer of the resistance regulating layers 
Rl and R2 is greater than the size of the pin hole H in the other 
electron leaving regulating layer, it is possible to more 
effectively reduce the quantity of current, so that it is possible 
to form a CPP spin-valve element having a higher resistance. 

Each of the resistance regulating layers Rl and R2 in the 
stacked structure of ferromagnetic layer / electron reflective 
layer must not always comprise only one layer, and may include 
two or more resistance regulating layers RlA and RIB or resistance 
regulating layers R2A and R2B as illustrated in FIG. 6. By thus 
inserting the plurality of resistance regulating layers, it is 
possible to further reduce the simple transmission probability 
of electrons, so that it is possible to realize a CPP-SV having 
a higher resistance. 

On the side of the free layer F, the resistance regulating 
layer R2 may be sandwiched between non-magnetic layers NM1 and 
NM2 without being inserted into the ferromagnetic layer FM as 
illustrated in FIG. 7. Thus, it is possible to minimize the 
influence of the resistance regulating layer R2 on the magnetic 
characteristics of the free layer F, so that it is easy to be 
compatible with magnetically soft characteristics. 

The ferromagnetic layers included in the above described 
first and second ferromagnetic layers P and F in this embodiment 
may be formed of, e.g. , a simple substance of Co, a Co containing 
ferromagnetic material, an Ni base alloy such as NiFe alloy, or 
an Fe base alloy. 

In this embodiment, the Fe base alloy is preferably a 
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material which can easily obtain magnetically soft 
characteristics, such as Fe ( iron) , FeNi ( iron nickel) , FeCo (iron 
cobalt), FeSi (iron silicon), FeMo ( iron molybdenum) , or FeAl 
( iron aluminum) • 

The Co containing alloy may be an alloy of Co, to which 
one or more of Fe (iron, Ni (nickel, Au (gold), Ag (silver), Cu 
(copper), Pd (palladium) , Pt (platinum), Ir (iridium), Rh 
(rhodium), Ru (ruthenium) , Os (osmium) andHf (hafnium) are added. 
The amount of the additional element is preferably in the range 
of from 5 to 50 at%, and more preferably in the range of from 
8 to 20 at% . Because there is the possibility that the bulk effect 
does not sufficiently increase if the amount of the additional 
element is too small and that the interface effect greatly 
decreases if the amount of the additional element is too large. 
In order to obtain a high rate of change in MR, the additional 
element is preferably Fe. 

The ferromagnetic layers included in the first and second 
magnetic layers P and F in this embodiment may have a stacked 
structure of ferromagnetic layers FM and non-magnetic layers NM 
as illustrated in FIG. 8. 

In this stacked structure of ferromagnetic layers FM / 
non-magnetic layers NM, the ferromagnetic layers FM sandwiching 
the non-magnetic layer NM therebetween are ferromagnetically 
coupled to each other, and the magnetization is substantially 
parallel to each other and substantially arranged in the same 
direction. 

If the pinned layer P and the free layer F comprise films 
having the stacked structure illustrated in FIG. 8, electrons 
pass through a larger number of interfaces of ferromagnetic layers 
/ non-magnetic layers. In the CPP spin-valve film, the effect 
of the scattering of electrons on the interfaces of ferromagnetic 
layers / non-magnetic layers, i.e., the interface resistance, 
has a large spin dependency and serves to increase the CPP-MR. 
In this example, it is possible to utilize a larger number of 
* values of interface resistance, so that it is possible to obtain 
a higher resistance and a higher rate of change in resistance. 
Furthermore, in FIG. 8, a high conductive layer G having a high 
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electric conductivity is provided between the free layer F and 
the electrode EL. 

The insertion of the resistance regulating layers Rl and 
R2 particularly has an effect on the increase of the resistance 
of the CPP spin- valve f ilm, and the stacking of the pinned layer 
P and free layer F particularly has an effect on the increase 
the rate in MR. For that reason, by combining the two, it is 
possible to obtain a CPP spin-valve film which particularly has 
a high resistance and a high rate of change in MR. 

As the film of the stacked structure of ferromagnetic 
layers FM / non-magnetic layers NM in this example, a large spin 
dependent interface resistance is preferably obtained on the 
interfaces of magnetic layers FM / non-magnetic layers NM. With 
respect to such combinations of ferromagnetic and non-magnetic 
materials , the ferromagnetic layers FM are preferably formed of 
an Fe base alloy, a Co base alloy or an Ni base alloy, and the 
non-magnetic layers NM are preferably formed of Cu, Ag, Au or 
an alloy thereof. 

Alternatively, the non-magnetic layers NM may be 
particularly formed of a non-ferromagnetic metal, such as Rh 
(rhodium), Ru (ruthenium), Mn (manganese), Cr (chromium), Re 
(rhenium), Os (osmium) or Ir (iridium). In particular, the 
non-magnetic layers NM is preferably formed of Mn or Re. 

The combinations providing a particularly large interface 
resistance, of these combinations, include Fe base alloy / Au, 
Fe base alloy / Ag, or Fe base alloy / Au-Ag alloy interface, 
Co base alloy / Cu, Co base alloy / Ag, Co base alloy / Au, or 
Co base alloy / Cu-Ag-Au alloy interface. 

The thickness of the ferromagnetic layer FM included in 
the stacked structure of ferromagnetic layers FM / non-magnetic 
layers NM is preferably as thin as possible, in order to increase 
the magnetic stability of the pinned layer P and in order to 
decrease the Mst of the free layer F to sensitize it. The upper 
limit of the thickness is preferably 2 nm or less in order to 
increase" the number of interfaces. 

On the other hand, in order to suitably obtain the interface 
resistance, the combination of materials forming the stacked 
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structure of ferromagnetic layers FM / non-magnetic layers NM 
is preferably a combination of non-solid-solution systems . That 
is, the materials of the ferromagnetic layers FMand non-magnetic 
layers NM are not soluble in each other. However, it is not always 
required to be limited to combinations of non-solid-solution 
systems, in accordance with the required level. 

The ferromagnetic layers FM in the stacked structure of 
ferromagnetic layers FM / non-magnetic layers NM in this example 
are not always required to be formed of one kind of material, 
but the ferromagnetic layers FM may be formed of a stacked film 
of two kinds or more of ferromagnetic materials. That is, in the 
example shown in FIG. 9, each of the pinned layer P and the free 
layer F has a construction wherein a first ferromagnetic layer 
FMl, a second ferromagnetic layer FM2 and a third ferromagnetic 
layer FM3 are stacked. However, the kind and number of the 
ferromagnetic layers, or the stacking order should not be limited 
to those in the figure. 

For example, in the pinned layer P, an Fe / Au interface 
having a high interface resistance is preferably used. However, 
since Fe has a large fluctuation in spin, it is desired to inhibit 
the fluctuation in spin, in order to use it at room temperatures. 
For that reason, the ferromagnetic layers preferably have the 
stacked structure of Fe and a magnetic material, which has a small 
fluctuation in spin, such as Fe / CoFe / Fe or Fe / NiFe / Fe. 

On the other hand, also in the free layer F, the Fe / Au 
interface having a high interface resistance is preferably used. 
However, it is difficult to obtain magnetically soft 
characteristics, which are required for the free layer, by only 
Fe. Therefore, the ferromagnetic layers preferably , have the 
stacked structure of Fe and a magnetic material, which has 
excellent magnetically soft characteristics, such as Fe / CoFe 
/ Fe or Fe / NiFe / Fe. 

Also, the ferromagnetic layers in the stacked structure 
of ferromagnetic layers / resistance regulating layers are not 
always required to be formed of one. kind of material. 

FIG. 10 is a conceptual drawing illustrating the 
construction of a magnetoresistance effect element wherein 



26 



ferromagnetic layers sandwiching resistance regulating layers 
comprises two or more kinds of ferromagnetic layers. That is, 
in the example shown in this figure, each of the pinned layer 
P and the free layer F has a first ferromagnetic layer FMl and 
a second ferromagnetic layer FM2. 

For example, although an Fe / Au interface having a high 
interface resistance is preferably used in the free layer F, it 
is difficult to obtain magnetically soft characteristics, which 
are required for the free layer, by only Fe. On the other hand, 
it is possible to improve magnetically soft characteristics by 
adding a magnetic layer of a magnetic material having excellent 
magnetically soft characteristics, such as CoFe or NiFe, which 
is f erromagnetically coupled as a ferromagnetic layer. 

In addition, when the ferromagnetic layers FM in the 
stacked structure of ferromagnetic layers FM / non-magnetic 
layers NM contain Fe or an Fe base alloy, the crystal structure 
thereof is preferably the face-centered cubic (fee) structure. 
Because the stacked structure can be more stable when a metal 
having the fee structure, such as Au, Ag or Cu, is stacked and 
because the stacked structure can have good crystalline 
properties as a whole to improve magnetically soft 
characteristics and reduce fluctuation in spin. However, the bee 
structure can also be used. 

In particular, when two kinds of ferromagnetic materials 
are combined as the ferromagnetic layers in the stacked structure 
of ferromagnetic layers / non-magnetic layers, a ferromagnetic 
layer FM(fcc) having the fee structure can be combined with a 
ferromagnetic layer FM(bcc) having the bee structure as 
illustrated in FIG. 11. In such a combination, the state of 
electrons, the shape of the Fermi surface, and the distribution 
of state density of the ferromagnetic material FM(fcc) having 
the fee structure are greatly different from those of the 
ferromagnetic material FM(bcc) having the bee structure. For 
that reason, it is possible to obtain a considerable screen effect 
with "respect to conduction electrons , so that it is possible to 
obtain a high resistance and a high rate of change in MR. As shown 
in the figure, the first magnetic layer P may be formed of 
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ferromagnetic layers having the bcc structure, and the second 
magnetic layer F may be formed of ferromagnetic layers having 
the fee structure. Even if the pinned layer P and free layer F 
thus have different crystal structures, it is possible to obtain 
a large screen effect. 

In addition, according to an aspect of the present 
invention, the ferromagnetic layers must be f erromagnetically 
coupled to each other in the stacked structure of ferromagnetic 
layers / non-magnetic layers constituting the pinned layer P and 
free layer F. For that purpose, it is required to form a good 
stacked structure. In addition, the magnetic characteristics of 
the pinned layer P and free layer F can be improved by adjusting 
the crystal lattice constant in the stacked structure to be the 
optimum value. Therefore, the non-magnetic layers NM can also 
have a stacked structure of, e.g., a first non-magnetic layer 
NMl and second non-magnetic layers NM2 as illustrated in FIG. 
12. For example, if the non-magnetic layers NM have a stacked 
structure of Au layer / Cu layer / Au layer, it is possible to 
realize a good lattice constant while realizing a high interface 
resistance, and it is possible to obtain good magnetic 
characteristics . 

The ferromagnetic layers FM included in the first and 
second magnetic layers P and F according to the present invention 
may have a stacked structure of ferromagnetic layers FM1 / 
ferromagnetic layers FM2 as illustrated in FIG. 13. In this 
stacked structure of ferromagnetic layers FMl / ferromagnetic 
layers FM2, the ferromagnetic layers are f erromagnetically 
coupled to each other, and the magnetization is substantially 
parallel to each other and substantially arranged in the same 
direction. 

If the pinned layer P and the free layer F comprise films 
having such a stacked structure, electrons pass through a larger 
number of interfaces of ferromagnetic layers / ferromagnetic 
layers. In the CPP spin-valve film, the effect of the scattering 
of - electrons- on the interfaces of ferromagnetic layers / 
ferromagnetic layers, i.e. , the interface resistance, has a large 
spin dependency and serves to increase the CPP-MR. In this 
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example, it is possible to utilize a larger number of values of 
interface resistance, so that it is possible to obtain a higher 
resistance and a higher rate of change in resistance. 

The insertion of the resistance regulating layers Rl and 
R2 particularly has an effect on the increase of the resistance 
of the CPP spin-valve film, and the stacking of the pinned layer 
P and free layer F particularly has an effect on the increase 
the rate in MR. For that reason, by combining the two, it is 
possible to obtain a CPP spin-valve film which particularly has 
a high resistance and a high rate of change in MR. 

In this example, a large number of interfaces of 
ferromagnetic layers / ferromagnetic layers can be arranged in 
the pinned layer P and free layer F, and it is possible to utilize 
a larger number of values of interface resistance, so that it 
is possible to form a CPP-SV having a high resistance and a high 
rate of change in MR. 

In addition, since the magnetization of the pinned layer 
P and the magnetization of the free layer F are operated so as 
to be integrated, the magnetization can be controlled only by 
the magnetization fixed of the pinned layer P and the control 
of the magnetization of one free layer F. Therefore, when the 
element is used for a reading sensor, such as a magnetic head, 
it is possible to realize a magnetic head wherein Barkhausen 
noises are suppressed. 

Each of the ferromagnetic layers constituting the stacked 
structure of ferromagnetic layers / ferromagnetic layers in this 
example may be formed of, e.g., a simple substance of Co, a Co 
containing ferromagnetic material such as a Co containing 
magnetic alloy, a ferromagnetic material such as NiFe alloy, or 
an Fe base alloy. 

As a combination in which the interface resistance is 
particularly high, any one of NiFe alloy / CoFe alloy, Fe base 
alloy / NiFe alloy, and Fe base alloy / CoFe alloy is preferably 
used. 

The thickness of the ferromagnetic layer included in the 
stacked structure of ferromagnetic layers / ferromagnetic layers 
is preferably as thin as possible, in order to increase the number 



of interfaces without increasing the total Mst. In a combination 
capable of holding magnetic properties , the ferromagnetic layer 
may be a monatomic layer. The upper limit of the thickness is 
preferably 2 nm or less, in order to increase the number of 
interfaces . 

On the other hand, the thickness of the ferromagnetic layer 
included in the stacked structure of ferromagnetic layers / 
ferromagnetic layers is preferably 1 nm or less, in order to 
increase the number of interfaces as much as possible. Even if 
the ferromagnetic layer comprises a monoatomic layer as the lower 
limit thereof, it is possible to produce interface resistance. 

In order to suitably obtain the interface resistance, the 
combination of materials forming the stacked structure of 
ferromagnetic layers / ferromagnetic layers is preferably a 
combination of non-solid-solution systems. However, the 
combination should not always be limited to the combination of 
non-solid-solution systems, and the combination can be suitably 
determined . 

FIG. 14 is a conceptual drawing showing another example 
where the pinned layer or the free layer has a plurality of 
ferromagnetic layers. That is, in the example shown in this 
figure, each of the pinned layer P and the free layer F has the 
stacked structure of first ferromagnetic layers FMl and second 
ferromagnetic layers FM2, and a third ferromagnetic layer FM3 
is provided in the vicinity of each of the electron reflective 
layers Rl and R2. 

For example, in the free layer F, the Fe / CoFe interface 
having a high interface resistance is preferably used. However, 
it is difficult to obtain magnetically soft characteristics, 
which are required for the free layer, by only Fe. Therefore, 
the magnetically soft characteristics can be improved by adding 
a magnetic material having excellent magnetically soft 
characteristics, such as NiFe, which is ferromagnetically 
coupled, as the ferromagnetic layer FM3. 

When the ferromagnetic layer in the stacked structure of 
ferromagnetic layers / ferromagnetic layers contains Fe or an 
Fe base alloy, the ferromagnetic layer preferably has the fee 
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structure. Because the stacked structure can be more stable when 
a metal having the fee structure, such as CoFe or NiFe, is stacked 
and because the stacked structure can have good crystalline 
properties as a whole to improve magnetically soft 
characteristics and reduce fluctuation in spin. However, the bec 
structure can also be used. 

As a combination of two kinds of ferromagnetic layers , a 
ferromagnetic material having the fee structure can be combined 
with a ferromagnetic material having the bec structure. As 
described above referring to FIG. 11 , in such a combination, the 
state of electrons, the shape of the Fermi surface, and the 
distribution of state density of the ferromagnetic material 
having the fee structure are greatly different from those of the 
ferromagnetic material having the bee structure. For that reason , 
it is possible to obtain a considerable screen effect with respect 
to conduction electrons, so that it is possible to obtain a high 
resistance and a high rate of change in MR. 

By the way, in the CPP-SV, the scattering of electrons 
occurs when conduction electrons pass through the pinned layer 
P and the free layer F. If the pinned layer P or the free layer 
F is multilayered, the modulation of band potential based on the 
multilayered cycle is carried out. Therefore, the wave number 
vector of electrons capable of flowing in a direction 
perpendicular to the plane of the film is restricted in accordance 
with the modulation of band potential. The restricted wave 
number varies in accordance with the cycle of the multilayered 
structure. Therefore, the wave number of electrons capable of 
passing through both layers can be greatly restricted by changing 
the multilayered cycles in the pinned layer P and free layer F. 
Since the screen effect itself has the spin dependent effect, 
it is possible to hold a high spin dependency while maintaining 
a low transmission probability of electrons as a whole. That is, 
if the stacking cycles in the pinned layer P and free layer F 
are intentionally caused to be different from each other, it is 
possible to realize a CPP-SV capable of realizing a high rate 
of change in MR while maintaining a higher resistance. 

On the other hand, the non-magnetic intermediate layer S 



is preferably formed of a material, in which the mean free path 
of conduction electrons is long, such as Cu (copper), Au (gold) 
or Ag (silver). By using such a material, electrons can 
varistically conduct between the first ferromagnetic layer P and 
the second ferromagnetic layer F, so that it is possible to more 
effectively utilize the scattering effect of electrons depending 
on spin, which is caused by the ferromagnetic material. Thus, 
it is possible to obtain a higher rate of change in MR. 
Alternatively/ the non-magnetic intermediate layer S may be 
formed of an alloy of the above described three kinds of elements. 
In this case, the composition is preferably adjusted so that the 
crystal lattice constant in the stacked structure can be adjusted 
to be the optimum value. 

As shown by the sectional structure in FIG. 15, the 
non-magnetic intermediate layer S may have the stacked structure 
of non-magnetic layer SI / non-magnetic layer S2 wherein a 
material, such as Cu, Au or Ag, is stacked. In this case, if the 
stacking cycle of the stacked structure of non-magnetic layer 
SI / non-magnetic layer S2, and the stacking cycle of the pinned 
layer p or the free layer F are suitably set, the wave number 
vector of electrons capable of flowing through the whole CPP-SV 
in a direction perpendicular to the plane of the film can be 
restricted, so that it is possible to realize a CPP-SV capable 
of realizing a higher resistance and a higher rate of change in 
MR. 

On the other hand, the antif erromagnetic layer A is 
preferably formed of a metallic antif erromagnetic material 
having excellent magnetization fixed characteristics. 
Specifically, an antif erromagnetic material, such as PtMn, NiMn, 
FeMn or IrMn, may be used. The thickness of the antif erromagnetic 
layer A is preferably as thin as possible from the standpoint 
of electric characteristics. However, if the antif erromagnetic 
layer A is too thin, the magnetization fixed characteristics 
deteriorate, so that it is required to select such a thickness 
that the blocking temperature does not decrease . For that reason, 
the thickness is preferably 5 n or more. 

In addition to the above described construction, a so- 
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called synthetic antiferromagnetic structure may be adopted as 
illustrated in FIG, 16. This is a structure wherein a pair of 
ferromagnetic layers FMl and FM2 antif erromagnetically coupled 
to each other via an antiferromagnetic coupling layer AC are added 
in any one or both of the first magnetic layer P and the second 
magnetic layer F. By adopting such a synthetic construction, the 
apparent magnetization can be zero in the pinned layer P, so that 
the magnetization fixed in the pinned layer P can be more stable. 
In addition, by decreasing the apparent magnetization in the free 
layer F, it is possible to obtain a more sensitive response to 
external magnetic field. 

Moreover, in addition to the above described construction, 
a so-called dual construction wherein the pinned layer P comprises 
two layers may be adopted. 

On other hand, although any special layers have not been 
arranged between the electrode EL and the spin-valve film in the 
above described examples, an underlying layer (buffer layer) B 
is preferably formed between the bottom electrode ELI and the 
antiferromagnetic layer A as illustrated in FIG. 17 in order to 
improve smoothness and crystalline properties when an actual 
element is formed. In addition, a layer C to be a protective layer 
is preferably arranged between the top electrode EL2 and the free 
layer F. The underlying layer B and the protective layer C are 
preferably formed of a material having a good wetting property, 
such as Ta (tantalum) , Ti (titanium) or Cr (chromium) , a material 
having a low electric resistance and a stable fee structure, such 
as Cu, Au or Ag, or a stacked structure thereof. 
(Second Embodiment) 

FIG. 18 is a conceptual drawing showing a cross-sectional 
structure of the second embodiment of a magnetoresistance effect 
element according to an aspect of the present invention. In this 
figure, the same reference numbers are given to the same elements 
as those described above referring to FIGS. 1 through 17, and 
the detailed descriptions thereof are omitted. 

The magnetoresistance effect element in this embodiment 
also comprises an antiferromagnetic layer A, a first magnetic 
layer P, an non-magnetic intermediate layer S and a second 
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magnetic layer F which are stacked on a predetermined substrate 
in that order, and a sense current I is caused to flow in a 
direction perpendicular to the plane of the film. Furthermore, 
the antif erromagnetic layer A, the first magnetic layer P, the 
non-magnetic intermediate layer S and the second magnetic layer 
F constitute a magne tores is tance effect film. 

In addition, in this embodiment, a resistance regulating 
layer R is inserted into the non-magnetic intermediate layer S. 

In this embodiment, although the current I flows from the 
top electrode EL2 toward the bottom electrode ELI, the quantity 
of current is reduced by the resistance regulating layer R. Thus , 
the probability that electrons will pass through the CPP 
spin- valve structure decreases, so that it is possible to greatly 
increase the electric resistance as a whole. 

In this embodiment, although it is possible to greatly 
increase the electric resistance as a whole since the transmission 
probability of electrons decreases, it is possible to hold a high 
rate of change in MR since the scattering effect depending on 
spin is not damaged. 

By the above described effects, it is possible to provide 
a CPP spin-valve film suitably utilizing an interface resistance 
and having an appropriate value of resistance though it has a 
spin- valve construction. 

Also in this embodiment, since the magnetization of the 
pinned layer P and the magnetization of the free layer F are 
operated so as to be integrated, the magnetization can be 
controlled only by the magnetization fixed of the pinned layer 
P and the control of the magnetization of one free layer F. 
Therefore, when the element is used for a reading sensor, such 
as a head, it is possible to realize a magnetic head wherein 
Barkhausen noises are suppressed. 

Also in this embodiment, it is possible to obtain a good 
value of resistance and a good rate of change in MR while the 
total thickness of the pinned layer P and free layer F is small. 
That "is, as compared with conventional simple CPP spin-valve 
constructions, this construction can reduce the simple 
transmission probability of electrons, increase the value of 
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resistance and sufficiently utilize the interface resistance. 
Therefore , in a region wherein the total Mst of the pinned layer 
P and free layer F is small , it is possible to obtain a sufficient 
value of resistance and a sufficient rate of change in MR. 
Specifically , although the thickness of the magnetic material 
of the pinned layer P and free layer F must be about 20 nm in 
conventional constructions , this embodiment can obtain 
sufficient characteristics even if the total thickness of the 
magnetic layers is 5 nm or less. Thus, the Mst of the free layer 
F can be held to be a small value, so that it is possible to form 
a sensitive spin-valve element. 

In addition, since it is also possible to decrease the Mst 
of the pinned layer P, it is possible to improve the magnetization 
fixed characteristics by the ant i ferromagnetic layer A, so that 
it is possible to improve the reliability of the device. 

In this embodiment similar to the above described first 
embodiment , the resistance regulating layer R may be formed of 
a semimetal, such as Bi, Sb or C, or a so-called zero gap 
semiconductor, such as ZnSe. In these materials unlike 
insulating materials, conduction electrons exist, but the 
density thereof is vary small, so that potential sensed by the 
conduction electrons is vary small. Specifically, as described 
above, a metal, such as Cu, has a Fermi potential of about 7 eV, 
whereas a semimetal has a small Fermi potential of 1 eV or less . 

For that reason, if the semimetal or zero gap semiconductor 
is provided in a metal layer, a large difference in potential 
level occurs, so that conduction electrons are reflected. In 
this construction, since conduction electrons also exist in the 
resistance regulating layer, the conduction probability of 
conduction electrons is sufficiently larger than the 
transmission probability of electrons due to tunnel, so that the 
usual conduction controls the total value of resistance. For 
that reason, it is possible to make resistance lower than that 
in the case of a ferromagnetic tunnel junction, so that it is 
possible to obtain a good element resistance in a fine junction. 

The value of Fermi potential in these materials is 
preferably in the range of from 1 eV to 0 eV, and more preferably 
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in the range of 0*5 eV to 0 eV. The reason for this has been 
described above with respect to the first embodiment. 

The resistance regulating layer R in this embodiment may- 
be also formed of Au, Ag or an alloy thereof. However, in this 
case, it is difficult to form so great difference in potential 
level, so that it is difficult to greatly increase resistance. 

The resistance regulating layer R in this embodiment may 
be also formed of an insulating material which has a potential 
barrier having a relatively low height. In this case, since the 
transmission probability of electrons is determined by the tunnel 
probability, the element resistance is too high if the barrier 
height increases. From this standpoint, the barrier height is 
preferably 0.1 eV or less. 

The resistance regulating layer R in this embodiment may 
be formed of an insulating material having pin holes as described 
above referring to FIGS. 4 through 6. In this case, the 
transmission probability of electrons is determined by the size 
and density of pin holes. If the size of the pin holes is about 
the mean free path of electrons or less, it is possible to obtain 
a greater resistance increasing effect. From the standpoint of 
repeatability of element characteristics, at least about 10 pin 
holes are preferably formed in the area of the element. However, 
only one pin hole may exist in the element. The ratio of the total 
area of the pin holes to the area of the element is preferably 
50 % or less in order to increase the element resistance. 

In this case, since the transmission probability of 
electrons is determined by the electric conduction through the 
pin holes, the resistance regulating layer R may be formed of 
an insulating material having a high barrier height, e.g., Al 
oxide or Si oxide. However, the resistance regulating layer R 
may be formed of a material having a low barrier height, such 
as Co oxide, Ni oxide or Cu oxide. Also in that case, the electric 
conduction is controlled by the pin holes. 

The thickness of the insulating layer in this embodiment 
is preferably set to be in the range of from 0.5 nm to 10 nm in 
order to facilitate the formation of the pin holes. 

As a method for forming such an insulating layer having 
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pin holes , various methods described above in the first embodiment 
may be used. That is, the insulating layer may be formed by a 
method for forming a very thin layer of Al by the sputtering method 
or the like, and then, exposing the layer of Al to an atmosphere 
of oxygen for a short period of tjunae to carry out a natural 
oxidation . Alternatively, the insulating layer may be formed by 
a method for applying energy to a layer of Al by exposing it to 
oxygen plasma or irradiating it with oxygen ions or oxygen 
radicals. Alternatively, a material which is relatively easy to 
be oxidized, and a material which is difficult to be oxidized, 
such as Al-Au, may be simultaneously deposited to form a granular 
film of Al-Au as a layer to be oxidized, and the formed layer 
may be exposed to selectively oxidize only Al to form the 
insulating layer. Alternatively, the oxidized layer having pin 
holes may be formed by depositing a film in an atmosphere of 
oxygen . 

As another method for forming such insulating layer having 
pin holes , regularly arranged pin holes may be formed by the fine 
pattern lithography using the AFM or the like or by the 
self-organizing. The details thereof are the same as those 
described above in the first embodiment. 

On the other hand, the resistance regulating layer R in 
this embodiment is not always required to comprise only one layer, 
but it may have a stacked construction of two or more layers. 
In addition, a plurality of resistance regulating layers R, not 
only one resistance regulating layer R, may be provided in the 
non-magnetic intermediate layer S. By thus inserting the 
plurality of resistance regulating layers R into the non-magnetic 
intermediate layer S, it is possible to further reduce the simple 
transmission probability of electrons, so that it is possible 
to form a CPP spin-valve element having a higher resistance. 

Moreover, the construction in this embodiment may be 
combined with any one of the above described various constructions 
in the first embodiment of the present invention. Thus, it is 
possible to form a CPP spin-valve f ilm having a higher resistance. 

In the combination of the second embodiment with the first 
embodiment, when pin holes are formed while the positions thereof 
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are controlled, the positional relationship between the pin holes 
H in the resistance regulating layers R, Rl and R2 is important. 
That is, the pin holes H in the respective resistance regulating 
layers may be positioned at the same place as illustrated in FIG. 
19. Alternatively, the positions of the pin holes H in the 
respective resistance regulating layers may be shifted as 
illustrated in FIG. 20. 

When the positions of the pin holes H are shifted as shown 
in FIG. 20, it is possible to more effectively reduce the quantity 
of current, so that it is possible to form a CPP spin -valve element 
having a higher resistance. 

When the pin holes H are thus formed while the positions 
thereof are controlled, the relationship between the sizes of 
the pin holes H in the respective resistance regulating layers 
R, Rl and R2 is also important. In this case, although the sizes 
of the pin holes H in all of the resistance regulating layers 
may be equal to each other, the sizes of the pin holes H in the 
resistance regulating layers may be different from each other. 
That is, if the size of the pin hole H in the resistance regulating 
layer, which is provided on the upstream side with respect to 
the flow of electrons, of the resistance regulating layers R, 
Rl and R2 is largish, it is possible to effectively reduce the 
quantity of current, so that it is possible to form a CPP 
spin-valve element having a higher resistance. 

Each of the first and second magnetic layers P and F may 
also have a construction of a ferromagnetic layer, a stacked 
structure of ferromagnetic layer / non-magnetic layer, or a 
stacked structure of ferromagnetic layer / ferromagnetic layer, 
similar to that described above in the first embodiment. 

The non-magnetic intermediate layer S in the second 
embodiment of the present invention may also have the same stacked 
construction as that described above in the first embodiment of 
the present invention. 

The antif erromagnetic layer A in the second embodiment of 
the present invention- is also preferably formed of a metallic 
antif erromagnetic material having excellent magnetization fixed 
characteristics , similar to the first embodiment . Specifically , 
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an antiferromagnetic material, such as PtMn, Ni_Mn, FeMn or IrMn, 

may be used. The thickness of the antiferromagnetic layer A is 

preferably as thin as possible from the standpoint of electric 

characteristics. However, if the antiferromagnetic layer A is 

5 too thin, the magnetization fixed characteristics deteriorate , 

so that it is required to select such a thickness that the blocking 

temperature does not decrease. For that reason, the thickness 

is preferably 5 nm or more. 

In addition to the above described constructions , one or 

_ 10 both of the first magnetic layer P and the second magnetic layer 

F may have a so-called synthetic antiferromagnetic layer 

r? structure. Moreover, in addition to the above described 

03 

m constructions, a so-called dual construction wherein the pinned 

layer P comprises two layers may be adopted. These points are 

GO 

15 the same as those described above referring to FIG. 16 with respect 
5 to the first embodiment. 

q Referrxng to Examples , the embodiments of the present 

invention will be described below in more detail. 
% (Example 1) 

M= 2 0 First, Example 1 of the present invention will be described 

below. 

FIG. 21 is a conceptual drawing showing a cross -sectional 
construction of a first example of a magnetoresistance effect 
element according to the present invention. In the formation of 

25 this magnetoresistance effect element, a Cu bottom electrode ELI 
having a thickness of 500 nm was first stacked on a thermally 
oxidized silicon (Si) substrate (not shown) by the sputtering 
method, and the Cu bottom electrode ELI was formed so as to have 
a stripe shape having a width of 9 £lm by the photolithography. 

3 0 Then, a CPP-SV 3 JJL m square was deposited thereon. The 
construction of the film was as follows. 

Ta 5 nm (buffer layer B) / NiFe 2 nm (buffer layer B) / 
PtMn 15 nm (antiferromagnetic layer A) / CoFe 1 nm (pinned layer 
3 5 PI) / AlOx (resistance regulating layer .Rl ) / CoFe 5 nm (pinned 
layer P2 ) / Cu 3 nm ( non-magnetic intermediate layer S ) / CoFe 
5 nm (free layer F) / Cu 2 nm (non-magnetic layer NMl) / AlOx 



(resistance regulating layer R2) / Cu 2 run (non-magnetic layer 
NM2) / Ta 5 nm (protective layer C) 

The AlOx layer to be a resistance regulating layer was 
formed by depositing Al (aluminum), and then, by exposing the 
deposited Al to an atmosphere of oxygen to self-oxidize Al. In 
this example, the Al film was deposited so as to have a thickness 
of 1 nm, and was exposed to oxygen by lk Langmuir to form the 
AlOx having pin holes (not shown) . That is, in this example, the 
AlOx layers having pin holes serves as the resistance regulating 
layer Rl and R2. 

An insulating AlOx film Z was deposited on the above 
described spin-valve construction, and a hole 0.1 Jilm square was 
formed therein. Then, a Cu (copper) film having a thickness of 
500 nm was stacked thereon by the sputtering method, to form a 
top electrode EL2. In this example, with the above described 
construction, it was possible to measure CPP-SV characteristics 
via the hole 0.1 £tm square of the insulating AlOx film Z. 

As the results of measurement at room temperatures , it was 
possible to obtain an element resistance of 7 Q and a rate of 
change in resistance of 10 %. Thus, it was possible to obtain 
an amount of change in resistance of 0.7 Q. In addition, it was 
verified that the pinned layer P was suitably magnetization- 
fixed and that the magnetization of the stacked structure 
constituting the pinned layer P moved integrally. It was also 
verified that He of the free layer F was small and its 
magnetization moved integrally with respect to the external 
magnetic field. 
(Comparative Example 1) 

First, a Cu bottom electrode ELI having a thickness of 500 
nm was stacked on a thermally oxidized silicon (Si) substrate 
by the sputtering method, and the Cu bottom electrode ELI was 
formed so as to have a stripe shape having a width of 9 jum by 
the photolithography. Then, a CPP-SV 3 Jilm square was deposited 
thereon. The construction of the film was as follows. 

Ta 5 nm (buffer layer) / NiFe 2 nm (buffer layer) / PtMn 15 nm 
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(antiferromagnetic layer) / CoFe 5 nm (pinned layer) / Cu 3 nm 
(non-magnetic intermediate layer) / CoFe 5 ran (free layer) / Cu 
2 nm (non-magnetic layer) / Ta 5 nm (protective layer) 

5 The same insulating film of AlOx as that shown in FIG. 21 

was formed thereon, and a hole 0.1 >am square was formed in AlOx. 
Then, a Cu film having a thickness of 500 nm was stacked thereon 
by the sputtering method, to form a top electrode. As the results 
of measurement at room temperatures, the element resistance was 
10 3 Q, and the rate of change in resistance was only 3 %. That 
^ is, in this example, the amount of change in resistance was only 

y3 

U0 0.09Q, so that the amount of change was only about 1/8 as large 

as that in Example 1 . 

yp ( Example 2 ) 

O 15 Similar to the first example, first, a Cu bottom electrode 

5 having a thickness of 500 nm was stacked on a thermally oxidized 

M silicon (Si) substrate by the sputtering method, and the Cu bottom 

§*I electrode was formed so as to have a stripe shape having a width 

«j of 9 JULm by the photolithography. Then, a CPP-SV 3 //m square was 

r: 20 deposited thereon. The construction of the film was as follows. 

Ta 5 nm (buffer layer B) / NiFe 2 nm (buffer layer B) / PtMn 15 
nm (antiferromagnetic layer A) / CoFe 1 nm (ferromagnetic layer 
FM1) / AlOx (resistance regulating layer Rl) / CoFe 1 nm 

25 (ferromagnetic layer FM2) / Cu 1 nm (non-magnetic layer NM1) / 
CoFe 1 nm (ferromagnetic layer FM3) / Cu 1 nm (non-magnetic layer 
NM2) / CoFe 1 nm (ferromagnetic layer FM4 ) / Cu 3 nm (non-magnetic 
intermediate layer S) / CoFe 1 nm (ferromagnetic layer FM5) / 
Cu 1 nm (non-magnetic layer NM3) / CoFe 1 nm (ferromagnetic layer 

3 0 FM6) / Cu 1 nm (non-magnetic layer NM4) / CoFe 1 nm (ferromagnetic 
layer FM7 ) / Cu 2 nm (non-magnetic layer NM5) / AlOx (resistance 
regulating layer R2) / Cu 2 nm (non-magnetic layer NM6) / Ta 5 
nm (protective layer C) 
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In the above described stacked structure, the stacked 
layers from the ferromagnetic layer FMl to the ferromagnetic layer 
FM constitute a pinned layer P, and the stacked layers from the 



# # 

41 

ferromagnetic layer FM5 to the ferromagnetic layer FM7 constitute 
a free layer F. 

The AlOx layers constituting the resistance regulating 
layers Rl and R2 were formed as AlOx layers having pin holes by 
the same method as that in Example 1 . 

Similar to FIG. 21, an insulating AlOx film was deposited 
on the above described spin-valve construction, and a hole 0.1 

jum square was formed therein. Then, a Cu film having a thickness 
of 500 nm was stacked thereon by the sputtering method, to form 
a top electrode EL2. In this example, with the above described 
construction, it was possible to measure CPP-SV characteristics 

via the hole 0.1 jum square of the insulating AlOx film. 

As the results of measurement at room temperatures, it was 

possible to obtain an element resistance of 9 Q and a rate of 
change in resistance of 20 %. That is, it was possible to obtain 

an amount of change in resistance of 1.8 Q. In addition, it was 
verified that the pinned layer P was suitably magnetization- 
fixed and that the magnetization of the pin stacked structure 
moved integrally. It was also verified that He of the free layer 
F was small and its magnetization moved integrally with respect 
to the external magnetic field. 
(Third Embodiment) 

Referring to FIG. 31, the third embodiment of the present 
invention will be described below. FIG. 31 is a conceptual 
drawing showing a cross-section of the third embodiment of a 
magnetoresistance effect element according to an aspect of the 
present invention. As shown in FIG. 31, the magnetoresistance 
effect element in this embodiment comprises a bottom electrode 
31, an underlying layer 32, an antif erromagnetic layer 33, a 
magnetization fixed layer 34, an non-magnetic intermediate layer 
35, a magnetization free layer 36, a non-magnetic metal layer 
37, a non-magnetic compound layer 38 and a top electrode 39, which 
are stacked in that order. Furthermore, the ant if erromagnetic 
layer 33, the magnetization fixed layer 34, the non-magnetic 
intermediate -layer 35 and the magnetization free layer 36 
constitute a magnetoresistance effect film. 

The non-magnetic compound layer 38 is formed of at least 
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one selected from the group consisting of oxides, nitrides, 
borides and carbides of B, Si, Ge, Ta, W, Nb, Al, Mo, P, V, As, 
Sb, Zr, Ti, Zn, Pb, Th, Be, Cd, Sc, La, Y, Pr, Cr, Sn, Ga, Cu, 
In, Rh, Pd, Mg, Li, Ba, Ca, Sr, Mn, Fe, Co, Ni and Rb. The 
non-magnetic compound layer 38 is preferably crystalline. 
Materials easy to obtain crystalline include oxides which contain 
at least one selected from the group consisting of B, Si, Ge, 
W, Nb, Mo, P, V, Sb, Zr, Ti, Zn, Pb, Cr, Sn, Ga, Fe and Co. 
Throughout the specification, the term "crystalline" means that 
the non-magnetic compound layer is single crystal or polycrystal, 
and does not mean a state wherein microcrystals are scattered 
in amorphous . This can be easily verified by observing a lattice 
image by means of a cross-sectional TEM (Transmission Electron 
Microscopy) or the like. For example, if an orderly arrangement 
is observed, it can be said that it is crystalline. Alternatively, 
if a spot-like pattern is observed in an electron beam diffraction 
image, it can be determined that a range irradiated with electron 
beams is substantially single crystal to be crystalline. If a 
ring-shaped pattern is obtained, it can be determined that a range 
irradiated with electron beams is in a polycrystalline state to 
be crystalline. The state of the epitaxial growth from the bottom 
layer can be verified by observing the lattice image. 

The non-magnetic compound layer 38 allows its pseudo 
thickness to be increased by the electron reflecting effect, so 
that it is possible to increase the output. If the non-magnetic 
compound layer 38 includes a metal phase, a semimetal phase and 
a half metal phase or has pin holes, it cause current to be 
contracted, and causes the current density to be effectively 
increased. Therefore, the output increases. If the proportion 
of the non-magnetic phase to the metal phase is too large, the 
resistance is too high, so that the heat generation of the element 
increases to deteriorate the characteristics of the element. 
Therefore, in order to obtain the above described effects, the 
proportion of the metal layer portion is 2 % or more. On other 
hand, if the metal phase portion is too large, the function of 
increasing the current density decreases, so that the proportion 
of the metal phase portion is preferably 30 % or less. 
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The presence of the metal phase or pin hole portion in the 
layer can be verified by observing the lattice image by the 
cross-sectional TEM. That is, if a portion epitaxially connected 
to the upper and lower metal phases exists, it can be said that 
this portion is a metal phase. If a component analysis in the 
non-magnetic layer is carried out, the presence of a metal phase 
can be verified. That is, if the concentration of oxygen, 
nitrogen, fluorine or boron is less than 20 % by composition ratio, 
it can be said that it is substantially a metal phase. 

The mean diameter of such a metal phase portion or pin hole 
portion is preferably in the range of 10% to 100% with respect 
to the total thickness of the magnetization free layer, non- 
magnetic intermediate layer and magnetization fixed layer. If 
it is 10 % or less, the increase of resistance due to contraction 
is too large, so that this is not practical. On the other hand, 
if it is 100 % or more, the current is too broad, so that the 
contraction effect can not be obtained. In the case of a structure 
(synthetic ant if erromagnetic structure) that the magnetization 
fixed layer is antif erromagnetically coupled via a non-magnetic 
metal layer such as Ru, the total thickness must be calculated 
in view of only the ferromagnetic layer nearer to the non-magnetic 
intermediate layer. 

The distance between such metal phase portions or pin hole 
portions on the plane of the film is preferably in the range of 
from 1 nm to 100 nm. If it is 1 ran or less, the current having 
been contracted once overlaps with each other in the vicinity 
of the non-magnetic compound layer, so that the effect 
deteriorates. On the other hand, if it is 100 nm or more, the 
number of the portions existing in the actual element is about 
1 through 3, so that the variation in characteristics is 
stochastically increased. 

If the non-magnetic compound layer 38 is amorphous, the 
rapidity of electron potentials on the interface of the film is 
lost, and the elastic scattering is inhibited. Therefore, it is 
not" possible to obtain so great electron reflecting effect, so 
that the increase of the output can not be expected. In addition, 
the non-magnetic compound layer 38 is amorphous, its structure 
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is unstable, and its heat resistance deteriorates, so that the 
deterioration of the output is caused. In order to obtain a 
crystalline non-magnetic compound layer, a compound selected 
from the group consisting of oxides of rare earth metals, e.g., 
B, Si, Ge, W, Nb, Mo, P, V, Sb, Zr, Ti, Zn, Pb, Cr, Sn, Ga, Fe 
and Co, is preferably used. 

The thickness of the non-magnetic compound layer 38 must 
be 0 .2 nm or more since its shape is easily changed by the thermal 
diffusion if the thickness is 0.2 nm or less. On the other hand, 
if the thickness is 10 nm or more, the resistance of the element 
increases, and when a sense current is caused to flow, excessive 
head is generated to cause the deterioration of the output. The 
thickness of the non-magnetic compound layer 38 is more preferably 
in the range of from 0.5 nm to 5 nm. However, it should not be 
limited thereto if the non-magnetic compound layer 38 is made 
of a compound of a semimetal, a half metal or a metal. 

The non-magnetic metal layer 37 is preferably made of an 
element having low reactivity, in order to stabilize the compound 
of the non-magnetic compound layer 38. From this standpoint, a 
metal layer containing at least one selected from the group 
consisting of Cu, Au, Ag, Ru, Ir, Re, Rh, Pt, Pd, and 0s is 
effective. Al can be used as the non-magnetic metal layer 37. 
In this case, the non-magnetic compound layer 38 is preferably 
made of a material which is easily oxidizable than Al. Comparing 
the non-magnetic metal layer 37 with the non-magnetic compound 
layer 38, the non-magnetic compound layer 38 is preferably made 
of a compound mainly containing an element which is different 
from the element of the non-magnetic metal layer 37. Because it 
is difficult to hold the thermostability of the non-magnetic 
compound layer 38 since oxygen is easy to diffuse if the bond 
energies of oxygen, nitrogen, carbon and boron are equal to each 
other. However, it is possible to produce a compound, which is 
very resistant to diffusion, by some method for preparing the 
compound. For example, the compound prepared by irradiating a 
metal layer with ions,- plasma or radicals of an element to be 
combined is very stable, and does not exhibit so considerable 
diffusion between the compound phase and metal phase of the same 
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kind of metallic element. Moreover, combinations of the above 
described compound layer of a compound prepared by irradiating 
a metal layer with produced ions, plasma and radicals, and the 
above described non-magnetic metal layer containing at least one 
selected from the group consisting of Cu, Au, Ag, Ru, Ir f Re, 
Rh, Pt, Pd, Al, and Os, are very thermostable. 

The non-magnetic compound layer 38 is not always required 
to be formed as a layer, but it may be formed in the non-magnetic 
metal layer 37 as islands as shown in FIG. 32. In this case, the 
materials of the non-magnetic metal layer 32 and the non-magnetic 
compound are the same as those in FIG. 31. The distance between 
such island-like compounds on the plane of the film is preferably 
in the range of from 1 nm to 100 nm. If it is 1 nm or less, the 
current having been contracted once overlaps with each other in 
the vicinity of the non-magnetic compound layer , so that the 
effect deteriorates. On the other hand, if it is 100 nm or more, 
the number of the portions existing in the actual element is about 
1 through 3, so that the variation in characteristics is 
stochastically increased. In addition, the ratio of the area of 
the island-like portion to the metal portion therebetween on the 
plane of the film is preferably in the range of from 2 % to 30 %. 

In order to form the metal phase portion in the non-magnetic 
compound layer or in order to form the structure having pin holes , 
materials having different oxidation energies may be combined. 
In particular, the material forming the metal phase portion 
preferably mainly contains the above described metal containing 
at least one selected from the group consisting of Cu, Au, Ag, 
Ru, Ir, Re, Rh, Pt, Pd, Al, and Os. In this case, if atoms forming 
the non-magnetic compound layer diffuse into the metal phase 
portion, there is the possibility that the resistance of the metal 
phase portion increases to cause practical problems. For that 
reason, the atoms forming the metal phase and the atoms forming 
the compound phase are not substantially soluble. 

For example, if the main component of the metal phase 
portion is Cu, the main component forming the non-magnetic 
compound layer is preferably at least one selected from the group 
consisting of B, Fe, Mo, Pb, Ta, Cr, V, Si, Sb and Ge, and more 
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preferably at least one selected from the group consisting of 
B, Fe, Mo, Pb, Cr, V, Si, Sb and Ge which are easy to be crystalline. 

For example, if the main component of the metal phase 
portion is Au, the main component forming the non-magnetic 
5 compound layer is preferably at least one selected from the group 
consisting of B, Fe, Ge, Mo, P, Rh, Si, W and Cr, and more 
preferably at least one selected from the group consisting of 
B, Fe, Mo, P, Si, W and Cr which are easy to be crystalline. 

For example, if the main component of the metal phase 
10 portion is Ag, the main component forming the non-magnetic 
compound layer is preferably at least one selected from the group 
consisting of B, Be, Co, Cr, Fe, Mo, Pb, Si, Ta, V, W, Ge, Sn, 
Al and Rh, and more preferably at least one selected from the 
group consisting of B, Be, Co, Cr, Fe, Mo, Pb, Si, V, W, Ge, Sn, 
15 Al and Rh which are easy to be crystalline. 

For example, if the main component of the metal phase 
portion is Pt, the main component forming the non-magnetic 
compound layer is preferably W. 

For example, if the main component of the metal phase 

2 0 portion is Pd, the main component forming the non-magnetic 

compound layer is preferably W or Cr. 

As a method for forming the above described combination 
of the metal phase and the non-magnetic compound phase, the 
non-magnetic compound may be formed in the layer or on the 
25 interface of the material forming the metal phase. The non- 
magnetic compound may be formed by feeding a reaction gas after 
deposition, or the non-magnetic compound may be directly stacked 
by sputtering or the like. 

As another method for forming the above described 

3 0 combination of the metal phase and the non-magnetic compound phase , 

the non-magnetic compound may be formed by feeding a reactive 
gas after forming an alloy layer of the material forming the metal 
phase and the material forming the non-magnetic compound layer. 
Such an alloy layer may be formed by, e.g., stacking an alloy 
35 target by sputtering or the like. The alloy target may be prepared 
by the above described combination of the non-solid-solution 
materials. Although the target is non soluble, the target may 
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be prepared by sintering, or may be a mosaic of two materials. 

The bottom electrode 31 is formed of a metal containing 
a material selected from the group consisting of Cu, Au, Ag, Ru, 
Ir, Re, Rh, Pt, Pd, Al, Os and Ni. The underlying layer 32 is 
formed of NiFeCr, Ta/NiFeCr, Ta/Ru, Ta/NiFe, Ta/Cu, or Ta/Au. 
The stacked structure of Ta and fee or a metal layer of HCP is 
important in order to obtain a good film growth. In particular, 
in order to obtain good magnetically soft characteristics of the 
magnetization free layer, it is important to obtain the (111) 
orientation of the fee structure, and it is required to provide 
the above described structure of the underlayer 32. 

Also in this embodiment, it is possible to obtain a CPP 
type magneto resistance effect element which has an appropriate 
value of resistance and a large amount of change in MR and which 
is magnetically sensitive. 
(Fourth Embodiment) 

Referring to FIG. 33, the fourth embodiment of the present 
invention will be described below. FIG. 33 is a conceptual 
drawing showing a cross-section of the fourth embodiment of a 
magnetoresistance effect element according to an aspect of the 
present invention. The magnetoresistance effect element in this 
embodiment comprises a bottom electrode 31, an underlying layer 
32, an antif erromagnetic layer 33, a magnetization fixed layer 
34, an non-magnetic intermediate layer 35, a magnetization free 
layer 36, a non-magnetic metal layer 37, a non-magnetic compound 
layer 38 and a top electrode 39, which are stacked in that order. 
Furthermore, the ant if erromagnetic layer 33, the magnetization 
fixed layer 34, the non-magnetic intermediate layer 35 and the 
magnetization free layer 36 constitute a magnetoresistance 
effect film. 

The non-magnetic intermediate layer 35 is in a mixed state 
with the non -magnetic compound layer 38. As shown in FIG. 34, 
the non-magnetic compound layer 38 may be deposited in the 
non-magnetic intermediate layer 35 or may be granular. The 
non-magnetic compound layer 3 8-may pass through the non-magnetic 
intermediate layer 35 in a direction perpendicular to the plane 
of the film (see FIG. 35). The non-magnetic compound layer 38 



# • 

48 

is no always required to be arranged in the non-magnetic 
intermediate layer 35 , but it may be formed on the interface (see 
FIG. 36). By preparing such a structure, it is possible to 
effectively decrease the element size to increase the current 
density, so that it is possible to increase the output. There 
is also such a current contracting effect if the non-magnetic 
compound layer 38 is arranged on the magnetization free layer 
36 on the opposite side to the non-magnetic intermediate layer 
35 as described in the third embodiment. However, the 
contracting effect is stronger if the non-magnetic compound layer 
38 is formed at the substantially center of a portion, which is 
related directly to the magnetoresistance effect, as this 
embodiment. If the non-magnetic compound layer 38 is amorphous, 
thermodif fusion may be caused to have a bad influence on the mean 
free path in the non-magnetic intermediate layer 35. For that 
reason, the non-magnetic compound layer 38 is preferably 
crystalline. If the proportion of the non-magnetic compound 
layer 38 to the metal phase is too great, the resistance is too 
high, so that the heat generation of the element increases to 
deteriorate the characteristics of the element. For that reason, 
the proportion of the metal layer portion is 2 % or more. On other 
hand, if the metal phase portion is too large, the function of 
increasing the current density decreases, so that the proportion 
of the metal phase portion is preferably 30 % or less. 

The presence of the metal phase or pin hole portion in the 
layer can be verified by observing the lattice image by the 
cross-sectional TEM. That is , if a portion epitaxially connected 
to the upper and lower metal phases exists, it can be said that 
this portion is a metal phase. If a component analysis in the 
non-magnetic compound layer is carried out, the presence of a 
metal phase can be verified. That is, if the concentration of 
oxygen, nitrogen, fluorine or boron is less than 20 % by 
composition ratio, it can be said that it is substantially a metal 
phase. 

However, in order to obtain good magnetoresistance effect, 
it is important that electrons pass through the non-magnetic 
intermediate layer without being scattered. For that reason, the 
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concentration of oxygen , nitrogen , fluorine or boron is 
preferably less than 15 % by composition ratio. 

The mean diameter of such a metal phase portion or pin hole 
portion is preferably in the range of 10 % to 100 % with respect 
to the total thickness of the magnetization free layer , non- 
magnetic intermediate layer and magnetization fixed layer. If 
it is 10 % or less, the increase of resistance due to contraction 
is too large, so that this is not practical. On the other hand, 
if it is 100 % or more, the current is too broad, so that the 
contraction effect can not be obtained. In the case of a structure 
(synthetic antif erromagnetic structure) that the magnetization 
fixed layer is antif erromagnetically coupled via a non-magnetic 
metal layer such as Ru, the total thickness must be calculated 
in view of only the ferromagnetic layer nearer to the non-magnetic 
intermediate layer. 

The distance between such metal phase portions or pin hole 
portions on the plane of the film is preferably in the range of 
from 1 nm to 100 nm. If it is 1 nm or less, the current having 
been contracted once overlaps with each other in the vicinity 
of the non-magnetic compound layer, so that the effect 
deteriorates . It is more preferably the distance is 10 nm or more. 
On the other hand, if it is 100 nm or more, the number of the 
portions existing in the actual element is about 1 through 3, 
so that the variation in characteristics is stochastically 
increased. 

In order to form the metal phase portion in the non-magnetic 
compound layer or in order to form the structure having pin holes , 
materials having different oxidation energies may be combined. 
In particular, the material forming the metal phase portion in 
the non-magnetic compound layer preferably mainly contains the 
above described metal containing at least one selected from the 
group consisting of Cu, Au, Ag, Ru, Ir, Re, Rh, Pt, Pd, Al and 
Os. In this case, if atoms forming the non-magnetic compound 
layer diffuse into the metal phase portion, there is the 
possibility that the resistance of the metal phase portion 
increases to cause practical problems. For that reason, the 
atoms forming the metal phase and the atoms f orming the compound 
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phase are not substantially soluble. 

For example, if the main component of the metal phase 
portion is Cu, the main component forming the non-magnetic 
compound layer is preferably at least one selected from the group 
consisting of B, Fe, Mo, Pb, Ta, Cr, V, Si, Sb and Ge, and more 
preferably at least one selected from the group consisting of 
B, Fe, Mo, Pb, Cr, V, Si, Sb and Ge which are easy to be crystalline. 

For example, if the main component of the metal phase 
portion is Au, the main component forming the non-magnetic 
compound layer is preferably at least one selected from the group 
consisting of B, Fe, Ge, Mo, P, Rh, Si, W and Cr, and more 
preferably at least one selected from the group consisting of 
B, Fe, Mo, P, Si, W and Cr which are easy to be crystalline. 

For example, if the main component of the metal phase 
portion is Ag, the main component forming the non-magnetic 
compound layer is preferably at least one selected from the group 
consisting of B, Be, Co, Cr, Fe, Mo, Pb, Si, Ta, V, W, Ge, Sn, 
Al and Rh, and more preferably at least one selected from the 
group consisting of B, Be, Co, Cr, Fe, Mo, Pb, Si, V, W, Ge, Sn, 
Al and Rh which are easy to be crystalline. 

For example, if the main component of the metal phase 
portion is Pt, the main component forming the non-magnetic 
compound layer is preferably W. 

For example, if the main component of the metal phase 
portion is Pd, the main component forming the non-magnetic 
compound layer is preferably W or Cr. 

As a method for forming the above described combination 
of the metal phase and the non-magnetic compound phase, the 
non-magnetic compound may be formed in the layer or on the 
interface of the material forming the metal phase. The non- 
magnetic compound may be formed by feeding a reaction gas after 
deposition, or the non-magnetic compound may be directly stacked 
by sputtering or the like. 

As another method for forming the above described 
combination-of-the metal^phase and the non-magnetic compound phase, 
the non-magnetic compound may be formed by feeding a reactive 
gas after forming an alloy layer of the material forming the metal 



phase and the material forming the non-magnetic compound layer. 
Such an alloy layer may be formed by, e.g., stacking an alloy 
target by sputtering or the 1 ike . The alloy target may be prepared 
by the above described combination of the non-solid-solution 
materials. Although the target is non soluble, the target may 
be prepared by sintering, or may be a mosaic of two materials. 

Also in this embodiment, it is possible to obtain a CPP 
type magneto resistance effect element which has an appropriate 
value of resistance and a large amount of change in MR and which 
is magnetically sensitive. 
(Fifth Embodiment) 

As the fifth embodiment of the present invention, a 
magnetic head using a magnetoresistance effect element according 
to an aspect of the present invention will be described below. 

FIG. 22 is a schematic perspective view of a principal part 
of a magnetic head using a magnetoresistance effect element 
according to the embodiment of the present invention. That is, 
the magnetic head according to the embodiment of the present 
invention has a pair of magnetic yokes 102, 102 which are arranged 
so as to face a recording medium 200. On the magnetic yokes 102, 
102, a magnetoresistance effect element 104 magnetically coupled 
thereto is provided. The magnetoresistance effect element 104 
is any one of the CPP type elements according to embodiments of 
the present invention, which have been described above referring 
to FIGS. 1 through 21 and FIGS. 31 through 34. On both sides 
thereof, a pair of bias layers 106, 106 are formed so as to straddle 
the pair of magnetic yokes 102, 102. The bias layers 106 are made 
of an antif erromagnetic or ferromagnetic material, and have the 
function of directing the magnetization of the magnetic yoke 102 
and the free layer of the magnetoresistance effect element 104 
to a direction perpendicular to a recording magnetic field, i.e. , 
to the y direction in the figure. 

In the recording medium 200, a recording track 200 T is 
formed, and recording bits 20 0B are arranged. In each of the 
recording bits 20 0B, a signal magnetization illustrated by arrows 
is formed. The signal magnetic flux from these recording bits 
is given to a magnetic circuit which connects the magnetic yokes 
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102 to the magnetoresistance effect element 104 . If the magnetic 
field of the recording bit 20 OB is given to the magnetoresistance 
effect element 104 , the magnetization of the free layer rotates 
on the plane from the y direction due to the bias layer 106 * Then, 
the variation in magnetizing direction is detected as the 
variation in magnetic resistance. 

In order to match the magnetic detection region of the 
magnetoresistance effect element 104 to the size of the recording 
bit 200B, the contact of the electrode of the magnetoresistance 
effect element 104 is formed so as to be limited to a region 
corresponding to a recording track width W shown in FIG. 22. 

According to the embodiment of the present invention, any 
one of the CPP type elements described above referring to FIGS. 
1 through 21 and FIGS. 31 through 34 is used as the 
magnetoresistance effect element 104, so that it is possible to 
obtain both an appropriate element resistance and a large 
variation in magnetic resistance. That is, it is possible to 
realize a magnetic head having a greatly higher sensitive and 
more stable reliability than those of conventional heads. 

While the magnetic head suitable for magnetic recording 
media of a longitudinal (in-plane) recording system has been 
described in this embodiment, the present invention should not 
be limited thereto. The magnetoresistance effect element 
according to an aspect of the present invention may be applied 
similarly to a magnetic head suitable for vertical recording media, 
to obtain the same effects. 
(Sixth Embodiment) 

As the sixth embodiment of the present invention, a 
magnetic recording and/or reproducing system using a 
magnetoresistance effect element according to an aspect of the 
present invention will be described below. Any one of the 
magnetoresistance effect elements according to embodiments of 
the present invention, which have been described above referring 
to FIGS. 1 through 21 and FIGS. 31 through 34, can be mounted 
oh a magnetic head- illustrated in FIG.- 22 , and can be incorporated 
in, e.g., a recording /reproducing integral type magnetic head 
assembly, to be applied to a magnetic recording and/or reproducing 
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system. 

FIG. 23 is a perspective view illustrating a schematic 
construction of a principal part of such a magnetic recording 
and/or reproducing system. That is, a magnetic recording and/or 
reproducing system 150 according to an aspect of the present 
invention is a system of a type using a rotary actuator. In this 
figure, a longitudinal recording or vertical recording magnetic 
disk 200 is mounted on a spindle 152, and is rotated in a direction 
of arrow A by means of a motor (not shown) which responds to a 
control signal from a drive unit control part (not shown) . A head 
slider 153 for recording /reproducing information to be stored 
in the magnetic disk 200 is mounted on the tip of a thin-film-like 
suspension 154. For example, a magnetic head including any one 
of the magnet ores is tance effect elements according to 
embodiments of the present invention, which have been described 
in Example 6, is provided in the vicinity of the tip of the head 
slider 153. 

If the magnetic disk 200 rotates, the medium facing surface 
or air bearing surface (ABS) of the head slider 153 is held at 
a predetermined flying height from the surface of the magnetic 
disk 200. 

The suspension 154 is connected to one end of an actuator 
arm 155 which has a bobbin portion or the like for holding a driving 
coil (not shown). On the other hand of the actuator arm 155, a 
voice coil motor 156 which is a kind of a linear motor is provided. 
The voice coil motor 156 comprises: a driving coil (not shown) 
wound onto the bobbin portion of the actuator arm 155; and a 
magnetic circuit comprising permanent magnets, which are 
arranged so as to face each other via the coil, and facing yokes. 

The actuator arm 155 is held by two ball bearings (not 
shown) which are provided above and below a fixing shaft 157, 
and is rotatable and slidable by means of the voice coil motor 
156. 

FIG. 24 is an enlarged perspective view of a magnetic head 
assembly in front of an- actuator arm 155., which is viewed from 
the side of a disk. That is, the magnetic head assembly 160 has 
an actuator arm 151 having, e.g., a bobbin portion or the like 
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for holding a driving coil, and a suspension 154 is connected 
to one end of the actuator arm 155. 

A head slider 153 having a reproducing magnetic head using 
a magnetoresistance effect element according to embodiments of 
the present invention is mounted on the tip of the suspension 
154. A recording head may be combined. The suspension 154 has 
a lead wire 164 for writing and reading signals. This lead wire 
164 is electrically connected to each electrode of the magnetic 
head which is incorporated in the head slider 153 . In the figure, 
reference number 165 denotes an electrode pad of the magnetic 
head assembly 160. 

Between the medium facing surface or air bearing surface 
(ABS) of the head slider 153 and the surface of the magnetic disk 
200, a predetermined flying height is set. 

The slider 153 including the magnetic head 10 operates 
while flying at a predetermined height from the surface of the 
magnetic disk 200. According to an aspect of the present 
invention, such a "flying traveling type" magnetic recording 
and/or reproducing system can also reproduce at low noises with 
a higher resolution than conventional systems . 

On the other hand, of course, a "contact traveling type" 
magnetic recording and/or reproducing system for traveling the 
slider while positively causing the magnetic head 10 to contact 
the magnetic disk 200 can also reproduce at low noises with a 
higher resolution than conventional systems. 

Referring to Examples, the embodiments of the present 
invention have been described. However, the present invention 
should not be limited to these examples. 

For example, with respect to the structure of the 
spin-valve element and the materials of the respective layers, 
the present invention may be similarly applied to all embodiments , 
which can be selected by persons with ordinary skill in the art, 
to provide the same effects. For example, the present invention 
can be similarly applied to a "dual type" structure. 

In addition, the structure of the magnetic head, the 
materials and shapes of the respective elements constituting the 
magnetic head should not be limited to those described above in 
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Examples, but the present invention may be similarly applied to 
all embodiments, which can be selected by persons with ordinary 
skill in the art, to provide the same effects. 

The magnetic recording and/or reproducing system may be 
a reproducing only system or a recording and/or reproducing system. 
In addition, the medium should not be limited to a hard disk, 
but it may be any one of all magnetic recording media, such as 
flexible disks and magnetic cards. Moreover, the magnetic 
recording and/or reproducing system may be a so-called 
"removable" type system wherein a magnetic recording medium is 
removed from the system. 

Moreover, a magnetoresistance effect element according to 
an aspect of the present invention can be combined with a 
trans is tor /diode or the like, or used alone, to form a "magnetic 
memory cell" for storing magnetic information. That is, the 
present invention can be applied to a "magnetic random access 
memory (MRAM) " comprising integrated magnetic memory cells. 

As described above in detail, according to the present 
invention, it is possible to provide a CPP type magnetoresistance 
effect element which has an appropriate value of resistance and 
a large amount of change in MR and which is magnetically sensitive. 

As a result, it is possible to surely read magnetic 
information from a finer recording bit from that in conventional 
elements, so that it is possible to greatly improve the packing 
density of a recording medium. Simultaneously, the reliability 
of the magnetic recording and/or reproducing system is improved 
due to thermal stability, and the utilized scope thereof is 
extended, so that there is a great industrial merit. 

While the present invention has been disclosed in terms 
of the embodiment in order to facilitate better understanding 
thereof, it should be appreciated that the invention can be 
embodied in various ways without departing from the principle 
of the invention. Therefore, the invention should be understood 
to include all possible embodiments and modification to the shown 
embodiments which can be embodied without departing from the 
principle of the invention as set forth in the appended claims . 



